Appointment

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 5/5/2020 1:08:51 PM

To: Burneson, Eric [Burneson.Eric@epa.gov]; Christ, Lisa [Christ.Lisa@epa.gov]; Hernandez-Quinones, Samuel
[Hernandez.Samuel@epa.gov]

cC: Khera, Rajiv [Khera.Rajiv@epa.gov]

Subject: Perchlorate Response to Comments

Attachments: Consolidated Perchlorate Draft Comment Response Document 5-4-20.egb.docx

Location: Microsoft Teams Meeting

Start: 5/5/2020 6:00:00 PM

End: 5/5/2020 6:30:00 PM

Show Time As: Busy

I would like to discuss the comments | have provided thus far on the perchlorate RTC document and provide an
opportunity for you to ask any questions about comments to date.

Join Microsoft Teams Meestin

i Ex. 6 Personal Privacy (PP) | Jnited States, Washington DC (Toll)

Conference 1D : Ex. 6 Personal Privacy (PP} :

Local numbers | Resal PHN I Learn more about Teams | Meeting options
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Appointment

From: Townsend, Clifton [Townsend.Clifton@epa.gov]
Sent: 2/23/2017 4:21:33 PM
To: Townsend, Clifton [Townsend.Clifton@epa.gov]; Christ, Lisa [Christ.Lisa@epa.gov]; Huff, Lisa [Huff.Lisa@epa.gov];

Olson, Daniel [Olson.Daniel@epa.gov]

Subject: Update on Perchlorate Occurrence Report
Attachments: POMR Brief.pptx

Location: DCRoomEast2418/DC-ICC-OW-OGWDW
Start: 2/27/2017 3:00:00 PM

End: 2/27/2017 3:45:00 PM

Show Time As: Busy

Good day ali,

I am setting up a quick meeting/briefing to go over some the potential issues/questions that we may face regarding the
updating of the Perchlorate Occurrence Report that | feel requires Management input. Specifically the Chambers
request to remove additional PWSs from our occurrence analysis as well as the inclusion of newer data that has been
reported by the California. Attached you will find a briefing that | put together for your review.

Thanks again

Clifton
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Appointment

From: Olson, Daniel [Olson.Daniel@epa.gov]
Sent: 1/25/2017 1:34:26 PM
To: Olson, Daniel [Olson.Daniel@epa.gov]; Christ, Lisa [Christ.Lisa@epa.gov]; Flowers, Lynn [Flowers.Lynn@epa.gov];

Hafez, Ahmed [Hafez. Ahmed@epa.gov]; Helm, Erik [Helm.Erik@epa.gov]; jeffrey.fisher@fda.hhs.gov;
kinetics@leavens.us; Miller, Gregory [Miller.Gregory @epa.gov]; Schlosser, Paul [Schlosser.Paul@epa.gov]; Strong,
Jamie [Strong.Jamie@epa.gov]; Kapraun, Dustin [Kapraun.Dustin@epa.gov]; Georges, Jessica
[Georges.Jessica@epa.gov]

CC: Noyes, Pamela [Noyes.Pamela@epa.gov]; Cantilli, Robert [Cantilli.Robert@epa.gov]; Gilbert, Mary E.
[Gilbert.Mary@epa.gov]

Subject: BBDR Model Status
Attachments: Untitled Attachment; Untitled Attachment; Untitled Attachment; Untitled Attachment; Untitled Attachment;
Untitled Attachment; Untitied Attachment; Untitled Attachment; Untitied Attachment

Location: DCRoomEast2339/DC-ICC-OW-OGWDW; § Ex. 6 Personal Privacy (PP) i
Start: 1/31/2017 8:00:00 PM
End: 1/31/2017 9:00:00 PM

Show Time As: Busy

Recurrence: Weekly
every Tuesday from 3:00 PM to 4:00 PM

Standing meeting on BBDR model status. Not all people can make all meetings but it is the best time for most people.

Ca”_in number: E Ex. 6 Personal Privacy (PP) :
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 2/12/2020 2:52:57 PM

To: MclLain, Jennifer L. [McLain.Jennifer@epa.gov]; Guilaran, Yu-Ting [Guilaran.Yu-Ting@epa.gov]; Tiago, Joseph
[Tiago.Joseph@epa.gov]

cC: Christ, Lisa [Christ.Lisa@epa.gov]; Rodgers-Jenkins, Crystal [Rodgers-Jenkins.Crystal@epa.gov]

Subject: FW: Revised Document

Attachments: Perchlorate Reductions 2-10-20 v2.docx

Attached is the update on systems and perchlorate reductions. The only outstanding system is in LA.

From: Christ, Lisa

Sent: Wednesday, February 12, 2020 9:50 AM
To: Burneson, Eric <Burneson.Eric@epa.gov>
Subject: FW: Revised Document

From: Hernandez-Quinones, Samuel <Harnanderz Samuel@ena gow>
Sent: Monday, February 10, 2020 12:37 PM

To: Christ, Lisa <Christ. Lisa@epa.gov>

Cc: Khera, Rajiv <ithera. Rejiv@epa.gov>

Subject: RE: Revised Document

Hi Lisa,

We got new information from the MD system. There was some misunderstanding with the information request
but here is the latest.

The treatment plant at chapel hill was recently taken off line and it was replaced with new productions wells
and treatment plant which started operations in January 27, 2020. Please see the new language that | have
incorporated in the revised document below.

“EPA contacted the Chapel Hill System in January 2020. Water system personnel indicated that the Chapel
Hill WFP was taken off line and it was replaced with a new treatment plant and five new production welis.
The new treatment plant started operations on January 27, 2020. System personnel also indicated that
monitoring was conducted in November 2019 and the analysis shows that perchlorate was not detected in
either the source well water or the finished water.”

Thanks
Sam

Samue! Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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From: Christ, Lisa <{hrist Lisai@epa.gov>

Sent: Monday, February 10, 2020 10:31 AM

To: Hernandez-Quinones, Samuel <Harnandez Samueli@epa.gov>
Cc: Khera, Rajiv <Khera.Rajiv@epa.gow>

Subject: RE: Revised Document

Thanks Sam.

Do we know exactly what the contractor asked each PWS? Based on this response: EPA contacted the Chapel Hill
System in January 2020. Water system personnel indicated that no follow-up/updated monitoring data for
perchlorate is available. It appears we only asked about monitoring...did the contractor ask about any changes
in source water and/or treatment too?

Thanks,
Lisa

From: Hernandez-Quinones, Samuel <Hernandez Samuesl@epa.gov>
Sent: Monday, February 10, 2020 8:14 AM

To: Christ, Lisa <Chyist. Lisai@epa.gov>

Cc: Khera, Rajiv <Khera.Rajiv@epa.gow>

Subject: Revised Document

Hi Lisa,

We heard back from the Chapel Hill system in MD and they do not have new data for Perchlorate. The
document has been updated accordingly. Please see attached.

Thanks
Sam

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 3/16/2020 7:01:55 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

CC: Hernandez-Quinones, Samuel [Hernandez.Samuel@epa.gov]
Subject: FW: EDITS - RE: Revised Perchlorate Briefing Documents

Attachments: Perchlorate Recommendations for PWS_03.16.2020.docx; Perchlorate Reductions_03.16.2020.docx; Decision for
Perchlorate Final Regulatory Action_3-13-20_revisedOWIO.docx

Lisa:

Please take a look at the comments/ revisions in the attached and let me know if you would like to have a call to discuss
how to incorporate these changes.

Eric

From: Tiago, Joseph <Tiago.Joseph@epa.gov>

Sent: Monday, March 16, 2020 2:53 PM

To: Burneson, Eric <Burneson.Eric@epa.gov>; Christ, Lisa <Christ.Lisa@epa.gov>

Cc: Mclain, Jennifer L. <McLain.Jennifer@epa.gov>; Guilaran, Yu-Ting <Guilaran.Yu-Ting@epa.gov>
Subject: FW: EDITS - RE: Revised Perchlorate Briefing Documents

From: Aguirre, Janita <Aguirre Janita@epa.gov>

Sent: Monday, March 16, 2020 2:49 PM

To: Mclain, Jennifer L. <pMclain jennifer@spa.gov>

Cc: Tiago, Joseph <Tiago Josephi@epa.gov>

Subject: EDITS - RE: Revised Perchlorate Briefing Documents
Importance: High

Hi Jennifer,

A few edits from Dave. Please review and confirm. In particular, please address the comment bubbles in the
“Perchlorate Reductions” document. Please also review the write-up under #4 in the “Perchlorate
Recommendations for PWS” document to confirm that it uses guidance type language, rather than
authoritative, regulatory language. Due to formatting, yellow highlights (rather than redline) show changed
text.

This is due tomorrow by noon, so please let me know as soon as the edits are incorporated.

Thank you,
Janita

Janita Aguirre — Special Assistant to David Ross and Anna Wildeman
U.S. Environmental Protection Agency | Office of Water | Office of the Assistant Administrator

Phone: (202) 566-1149 | Email: aguirre. janita@epa.gov

From: Mclain, Jennifer L. <Mclain jennifer@epa.gov>
Sent: Friday, March 13, 2020 5:34 PM
To: Aguirre, Janita <Aguirre Janita@epa.zov>
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Cc: Tiago, Joseph <Tiago. Joseph@epa gov>
Subject: FW: Revised Perchlorate Briefing Documents

Janita — your assistance on this is appreciated! Is it possible to provide these revised documents — updated per Dave’s
input?

Thank you
Jennifer

From: Burneson, Eric <Burneson.Eric@epa.gov>

Sent: Friday, March 13, 2020 5:28 PM

To: Mclain, Jennifer L. <jiclain Jennifer@epa.gov>

Cc: Tiago, Joseph <Tiago osephi@ena, gov>; Guilaran, Yu-Ting <Guilaran.Yu-Ting@epa.gow>; Christ, Lisa
<Christ.Lisa@epa.sov>

Subject: Revised Perchlorate Briefing Documents

Jennifer:

Attached please find a revised Perchlorate Briefing documents. We had submitted a previous versions of

these document for OW review along with the Perchlorate Reductions and Recommendations Documents. We have
updated these documents while awaiting further comments from OW. The revisions made to the documents are as
follows

e The one pager — Decision for Perchlorate Final Regulatory Action — Has been updated in response to Dave’s
request to incorporate information about the timing of the release of the stipulation to NRDC regarding the
consent decree. This document reflects OGC'’s input.

¢ The Reductions Document — has been updated to reflect the information we received from the States of
Maryland and Ohio regarding the status of the system that previously detected perchlorate at levels greater
than 18ppb. We have also added a document number.

¢ The Recommendations Document has been updated to reflect add a Document Number.

If OW has not yet reviewed the last versions provided we recommend sending these forward to replace the versions
awaiting review. If there are comments on the previous versions we can incorporate those prior to sending them
forward.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250

ED_005043_00078307-00002



Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel@epa.gov]
Sent: 11/12/2019 2:19:36 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: RE: Revised Briefing Document

Attachments: Option Selection for Perchlorate 11-12-19 vl.docx

Hi Lisa,

The statements were accurate, | made one additional edit in response to your comment. Attached is the
revised version of the document.

Let me know if it is ok to share this document with OGC, so that they can start working on their input for the
placeholder.

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Christ, Lisa <Christ.Lisa@epa.gov>

Sent: Friday, November 08, 2019 1:39 PM

To: Hernandez-Quinones, Samuel <Hernandez.Samuel@epa.gov>
Subject: RE: Revised Briefing Document

Hi Sam,
| did some rewording, but want to make sure this is still accurate. Please take a look and make changes as needed.

Thanks,
Lisa

From: Hernandez-Quinones, Samuel <Hernandez Samusl@epa.gov>
Sent: Friday, November 08, 2019 1:00 PM

To: Christ, Lisa <Chyist. Lisai@ena.gov>

Subject: Revised Briefing Document

Hi Lisa,

Here is the revised document. The edits are highlighted. Let me know if you have any comments or edits.
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Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment”
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]

Sent: 5/4/2020 12:27:53 PM

To: Parikh, Pooja [Parikh.Pooja@epa.gov]

CC: Webhling, Carrie [Wehling.Carrie@epa.gov]; Christ, Lisa [Christ.Lisa@epa.gov]
Subject: Request for Review - Draft Perchlorate Response to Comment Document

Attachments: Consolidated Perchlorate Draft Comment Response Document 4-29-20 v1 Clean.docx; Consolidated Perchlorate
Draft Comment Response Document 4-29-20 v1 Redline.docx

Hi Pooja,

We are requesting OGC review and clearance of the attached Perchlorate Response to Comment Document.
We anticipate that this document will be needed in order to transmit the Withdrawal FRN to OMB. Eric will be
reviewing this document concurrently with OGC, and | will let you know if there are any mayor edits as a result
of his review.

| have attached a clean version and also a redline version of the document which captures some of your
previous comments/edits on the document.

Let me know if you have any questions.

Thank You
Sam

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]
Sent: 4/15/2020 9:26:48 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: Draft Responses to Comment - Perchlorate

Attachments: Perchlorate Draft Comment Response Report - Lisa C Review 4-15-20.docx

Hi Lisa,

Attached you will find the remaining sections of the comment response document for Perchlorate. For the other
sections, which you had already reviewed, | incorporated your suggested edits as well as those from OGC. But
1 did not include those sections here because it is easier to navigate the document without those more dense
sections.

| am still waiting for ORDs input, but all the other sections are coming together nicely. | will need to finalize the
Health Effects section to assemble the document because that section cross-references to all other pertinent
sections of the response document.

On this file you will see a few comments that are highlighted yellow because | need to make sure that those
are appropriately cross-referenced to the Health Effects section. Once | have your input on this file | should be
able to quickly assemble the whole document and | will be able to send the final/draft version to you.

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 3/13/2020 9:27:47 PM

To: MclLain, Jennifer L. [McLain.Jennifer@epa.gov]

CC: Tiago, Joseph [Tiago.Joseph@epa.gov]; Guilaran, Yu-Ting [Guilaran.Yu-Ting@epa.gov]; Christ, Lisa
[Christ.Lisa@epa.gov]

Subject: Revised Perchlorate Briefing Documents

Attachments: Decision for Perchlorate Final Regulatory Action_3-13-20_revised. .docx; Perchlorate Recommendations for PWS 3-
13-2020.docx; Perchlorate Reductions 3-13-2020.docx

Jennifer:

Attached please find a revised Perchlorate Briefing documents. We had submitted a previous versions of

these document for OW review along with the Perchlorate Reductions and Recommendations Documents. We have
updated these documents while awaiting further comments from OW. The revisions made to the documents are as
follows

e The one pager — Decision for Perchlorate Final Regulatory Action — Has been updated in response to Dave’s
request to incorporate information about the timing of the release of the stipulation to NRDC regarding the
consent decree. This document reflects OGC'’s input.

¢ The Reductions Document — has been updated to reflect the information we received from the States of
Maryland and Ohio regarding the status of the system that previously detected perchlorate at levels greater
than 18ppb. We have also added a document number.

¢ The Recommendations Document has been updated to reflect add a Document Number.

If OW has not yet reviewed the last versions provided we recommend sending these forward to replace the versions
awaiting review. If there are comments on the previous versions we can incorporate those prior to sending them
forward.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel@epa.gov]
Sent: 2/10/2020 5:37:24 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

CC: Khera, Rajiv [Khera.Rajiv@epa.gov]

Subject: RE: Revised Document

Attachments: Perchlorate Reductions 2-10-20 v2.docx

Hi Lisa,

We got new information from the MD system. There was some misunderstanding with the information request
but here is the latest.

The treatment plant at chapel hill was recently taken off line and it was replaced with new productions wells
and treatment plant which started operations in January 27, 2020. Please see the new language that | have
incorporated in the revised document below.

“EPA contacted the Chapel Hill System in January 2020. Water system personnel indicated that the Chapel
Hill WFP was taken off line and it was replaced with a new treatment plant and five new production wells.
The new treatment plant started operations on January 27, 2020. System personnel! also indicated that
monitoring was conducted in November 2019 and the analysis shows that perchiorate was not detected in
either the source well water or the finished water.”

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Christ, Lisa <Christ.Lisa@epa.gov>

Sent: Monday, February 10, 2020 10:31 AM

To: Hernandez-Quinones, Samuel <Hernandez.Samuel@epa.gov>
Cc: Khera, Rajiv <Khera.Rajiv@epa.gov>

Subject: RE: Revised Document

Thanks Sam.

Do we know exactly what the contractor asked each PWS? Based on this response: EPA contacted the Chapel Hill
System in January 2020. Water system personnel indicated that no follow-up/updated monitoring data for
perchlorate is available. It appears we only asked about monitoring...did the contractor ask about any changes
in source water and/or treatment too?

Thanks,
Lisa
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From: Hernandez-Quinones, Samuel <Hernander Samueli@epa. gov>
Sent: Monday, February 10, 2020 8:14 AM

To: Christ, Lisa <Christ. Lisaf@epa.gov>

Cc: Khera, Rajiv <Khera.Raiiv@epa.gov>

Subject: Revised Document

Hi Lisa,

We heard back from the Chapel Hill system in MD and they do not have new data for Perchlorate. The
document has been updated accordingly. Please see attached.

Thanks
Sam

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment”
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 3/17/2020 1:30:06 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]; Guilaran, Yu-Ting [Guilaran.Yu-Ting@epa.gov]; Tiago, loseph
[Tiago.loseph@epa.gov]

CC: Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]

Subject: RE: EDITS - RE: Revised Perchlorate Briefing Documents

Attachments: Perchlorate Recommendations for PWS_03.17.2020.Changes.docx; Perchlorate Reductions_03.17.2020RLSO.docx

Lisa: | have made additional edits to the documents attached to further expand the introduction to the Reductions
Document and to address the POU text by describing the option as a Point of Use or Point of Entry Treatment
option. Can you/Sam prepare clean versions of these documents so that we are ready for the 10:00 deadline.

Joe, Yu Ting and Jennifer

I am assuming Dave needs to see the mark ups to verify the edits so | am copying you in case you want to review while
we are preparing clean versions.

Eric

From: Christ, Lisa <Christ.Lisa@epa.gov>

Sent: Tuesday, March 17, 2020 8:16 AM

To: Burneson, Eric <Burneson.Eric@epa.gov>

Cc: Hernandez-Quinones, Samuel <Hernandez.Samuel@epa.gov>
Subject: RE: EDITS - RE: Revised Perchlorate Briefing Documents

Eric, please see the revised document attached. | noticed we were missing references we added on 2/28 so | put those
back in the reductions document. | do not agree with a edit on page 2 ( highlighted blue) stating POU protects the whole
home. Let us know if you’d like additional changes.

Lisa

From: Burneson, Eric <Burneson.Ericfepa.gov>

Sent: Monday, March 16, 2020 4:37 PM

To: Christ, Lisa <Christ Lisai@ena.gov>

Cc: Hernandez-Quinones, Samuel <Hernandez Samuel@epa.zov>
Subject: RE: EDITS - RE: Revised Perchlorate Briefing Documents

Thanks. Can | get a revised by 8:30 am tomorrow morning?

From: Christ, Lisa <Christ. Lisafepa.gov>

Sent: Monday, March 16, 2020 3:42 PM

To: Burneson, Eric <Burneson.Eric@ena gov>

Cc: Hernandez-Quinones, Samuel <Hermandez Samuel@epa gov>
Subject: RE: EDITS - RE: Revised Perchlorate Briefing Documents

Eric,

| think they are mostly straight forward. If | recall we were asked previously for underlying data for the AZ and NV
surface water data, | don’t think we have it, but Sam is checking. The questions about storage for hypochlorite should be
in the AWWA protocol. Lisa

From: Burneson, Eric <Burnsson.Eric@enag gow>
Sent: Monday, March 16, 2020 3:02 PM
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To: Christ, Lisa <Christ.Lisa@epa.gov>
Cc: Hernandez-Quinones, Samuel <Hemands:z Samusli@epa.gov>
Subject: FW: EDITS - RE: Revised Perchlorate Briefing Documents

Lisa:

Please take a look at the comments/ revisions in the attached and let me know if you would like to have a call to discuss
how to incorporate these changes.

Eric

From: Tiago, Joseph <Viago.loseph@epa.gov>

Sent: Monday, March 16, 2020 2:53 PM

To: Burneson, Eric <Burnsson. Eric@ana.zov>; Christ, Lisa <Christ Lisai@epa.goy>

Cc: Mclain, Jennifer L. <}clain lennifer@espa.gov>; Guilaran, Yu-Ting <Gujlaran. Yu-Ting@epa, gov>
Subject: FW: EDITS - RE: Revised Perchiorate Briefing Documents

From: Aguirre, Janita <Aguirre lanita@epa.gov>

Sent: Monday, March 16, 2020 2:43 PM

To: Mclain, Jennifer L. <MsisinJennifer@epa.gov>

Cc: Tiago, Joseph <¥izgn. Joseph@epa.gov>

Subject: EDITS - RE: Revised Perchlorate Briefing Documents
Importance: High

Hi Jennifer,

A few edits from Dave. Please review and confirm. In particular, please address the comment bubbles in the
“Perchlorate Reductions” document. Please also review the write-up under #4 in the “Perchlorate
Recommendations for PWS” document to confirm that it uses guidance type language, rather than
authoritative, regulatory language. Due to formatting, yellow highlights (rather than redline) show changed
text.

This is due tomorrow by noon, so please let me know as soon as the edits are incorporated.

Thank you,
Janita

Janita Aguirre — Special Assistant to David Ross and Anna Wildeman
U.S. Environmental Protection Agency | Office of Water | Office of the Assistant Administrator

From: Mclain, Jennifer L. <} clain. lennifer@epa gov>
Sent: Friday, March 13, 2020 5:34 PM

To: Aguirre, Janita <Aguirre lanita®@epa.gov>

Cc: Tiago, Joseph <Tiago. Josephi@epa.aov>

Subject: FW: Revised Perchlorate Briefing Documents

Janita — your assistance on this is appreciated! Is it possible to provide these revised documents — updated per Dave’s
input?

Thank you
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Jennifer

From: Burneson, Eric <Burneson.Eric@epa.gov>

Sent: Friday, March 13, 2020 5:28 PM

To: Mclain, Jennifer L. <Mclain Jennifer@spa.gov>

Cc: Tiago, Joseph <Tiago Josephi@epa.gov>; Guilaran, Yu-Ting <Guilaran.Yu-Ting®@epa.gov>; Christ, Lisa
<Christ.Lisa@epa.goy>

Subject: Revised Perchlorate Briefing Documents

Jennifer:
Attached please find a revised Perchlorate Briefing documents. We had submitted a previous versions of
these document for OW review along with the Perchlorate Reductions and Recommendations Documents. We have

updated these documents while awaiting further comments from OW. The revisions made to the documents are as
follows

e The one pager — Decision for Perchlorate Final Regulatory Action — Has been updated in response to Dave’s
request to incorporate information about the timing of the release of the stipulation to NRDC regarding the
consent decree. This document reflects OGC’s input.

e The Reductions Document — has been updated to reflect the information we received from the States of
Maryland and Ohio regarding the status of the system that previously detected perchlorate at levels greater
than 18ppb. We have also added a document number.

e The Recommendations Document has been updated to reflect add a Document Number.

If OW has not yet reviewed the last versions provided we recommend sending these forward to replace the versions
awaiting review. If there are comments on the previous versions we can incorporate those prior to sending them
forward.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 5/20/2020 1:17:33 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

CC: Hernandez-Quinones, Samuel [Hernandez.Samuel@epa.gov]
Subject: FW: Important: Perchlorate submittal to OW

Attachments: Perchlorate Action Memo 5-19-20.docx; Draft Perchlorate Final Action FRN 5-19-20 v1.docx; Final Perchlorate Action
for 12866 Review Transmittal Memo OGWDW to OW 5-19-20.pdf; 12866docketguidelines-09-27-10.pdf

importance: High

FYI

From: Burneson, Eric

Sent: Wednesday, May 20, 2020 9:08 AM

To: Lousberg, Macara <Lousberg.Macara@epa.gov>
Cc: McLain, Jennifer L. <Mclain.Jennifer@epa.gov>
Subject: FW: Important: Perchlorate submittal to OW
Importance: High

Macara: | understand that WPS are not processing the perchlorate action which is subject to a consent decree deadline
because of missing items in the package related to FAR. Since WPS ran the FAR | don’t see why this information cannot
be added by WPS (note that there is ho economic analysis for this final action). It is critical that this action be
transmitted to OP ASAP. Thanks for your assistance.

From: Flaharty, Stephanie <Fisharty. Stephanie@epa. gov>

Sent: Wednesday, May 20, 2020 7:38 AM

To: Christ, Lisa <Christ.Lisa@epa.gov>; Hernandez-Quinones, Samuel <Hernandez Samusl@epa.zov>

Cc: Burneson, Eric <Burneson.Eric@epa.gov>; Rodgers-Jenkins, Crystal <Rodgers-lenkins. Crystali@ena gov>; Tiago,
Joseph <Tiago. Joseph@ena. gov>

Subject: Important: Perchlorate submittal to OW

Importance: High

Good Morning,

There's some confusion in OW over our submittal of the perchlorate docs. for Charlotte’s review. Joe asked
that I enter the attached documents into CMS (w/o review) for Charlotte. Is this the formal submittal? To
initiate OMB Review, we need to follow the Action Development Process checklist (as applicable) and label the
FRN per the attached guidance. (Note: submit the FAR memo and associated concurrences in on PDF file.)

Thanks for your timely attention...any questions, please let me know, thanks!

OMB REVIEW OF RULE
Left Side Right Side
o Transmittal Memo from DD to OD
o Transmittal Memo from OD to AA (Orig + yellow)
o Transmittal Memo from AA to OPE! (Orig + yellow)
o Draft Action Memo from AA to Administrator
o Draft Rule and Preambie FRN
0Send all Files electronically to 10 (SF) — will forward to OP
o Sinlranet epa goviactiondo/adp-
templates/index himdadn

0 OGC Concurrence e-mail (or letter)

o Core Workgroup concurrences: emails: ORD, OPE|l , OECA
 FAR memo and attached Workgroup FAR concurrences

o Draft Economic Analysis (1 + e copy) *

0 Note: Docket Guidelines

hitos intranel epe goviastiondpidocuments/1 2888dockeinuiielines
08-27-10 pdf
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel@epa.gov]
Sent: 3/13/2020 3:07:06 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: Draft Responses - Health Effects

Attachments: Draft Responses - Health Effects Comments.docx

Hi Lisa,

Here are the draft responses to the health effects comments. | will update responses and check for
consistency as soon as we get feedback from ORD. | also sent this document to Greg Miller for his awareness.
He told me that he would look at the responses and get back to us if needed.

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel@epa.gov]
Sent: 2/10/2020 1:13:52 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

CC: Khera, Rajiv [Khera.Rajiv@epa.gov]

Subject: Revised Document

Attachments: Perchlorate Reductions 2-10-20 v1.docx

Hi Lisa,

We heard back from the Chapel Hill system in MD and they do not have new data for Perchlorate. The
document has been updated accordingly. Please see attached.

Thanks
Sam

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 2/18/2020 4:18:38 PM

To: Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]

CC: Khera, Rajiv [Khera.Rajiv@epa.gov]; Huff, Lisa [Huff.Lisa@epa.gov]; Christ, Lisa [Christ.Lisa@epa.gov]
Subject: RE: 2 perchlorate documents -- for your records

Attachments: Perchlorate Reductions 2-18-20_rk-egb.docx

Thank you Sam and Rajiv for your work to address my comments. | have a few more follow up request in the attached.
Can you see if we can get OLEM to expedite their feedback on the table? Putting forward this document is critical to
getting decisions needed to make the court filing.

Eric

From: Hernandez-Quinones, Samuel

Sent: Tuesday, February 18, 2020 10:23 AM

To: Burneson, Eric <Burneson.Eric@epa.gov>

Cc: Khera, Rajiv <Khera.Rajiv@epa.gov>; Huff, Lisa <Huff.Lisa@epa.gov>

Subject: RE: 2 perchlorate documents -- for your records

Hi Eric, please see attached document. It incorporates your suggested edits and addresses your questions.

| am also waiting for some additional feedback form OSWER on the table they provided, as they way it reads
now it appears to show several entries for the same mitigation site. Depending on their feedback we might
have to update that table.

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Huff, Lisa <Huff.Liza@apna, gov>

Sent: Tuesday, February 18, 2020 10:17 AM

To: Burneson, Eric <Burneson.Eric@ena.gov>

Cc: Hernandez-Quinones, Samuel <Hernandez Samuel@epa.sov>; Khera, Rajiv <Ehera. Raliv@epa.soy>
Subject: RE: 2 perchlorate documents -- for your records

Yes I'll check with Sam and get back to you.

From: Burneson, Eric <Burneson.Eric@epa, gow>

Sent: Tuesday, February 18, 2020 10:07 AM

To: Huff, Lisa <Huff.Lisa@apa.gov>

Cc: Hernandez-Quinones, Samuel <Hgrmandse Samusi@epa.gov>; Khera, Rajiv <ihera. RajiviBepa.gov>
Subject: FW: 2 perchlorate documents -- for your records

Lisa:
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I sent the attached comments to Lisa Christ on Thursday but | don’t think | received a revised document. Since Lisa is
out today, can you check with the Team to get me a revised today?

Thanks

Eric

From: Burneson, Eric

Sent: Thursday, February 13, 2020 2:05 PM

To: Christ, Lisa <Chyist.Liza@epa.gov>

Subject: RE: 2 perchlorate documents -- for your records

Thank You Lisa

i have a few comments/edits on the perchlorate reduction document in the attached.
Eric

From: Christ, Lisa

Sent: Wednesday, February 12, 2020 9:59 AM

To: Burneson, Eric <Burnieson. Erici@ena.gov>

Subject: 2 perchlorate documents -- for your records

Eric — just wanted to put both documents in one place for you. Both have been reviewed by Jennifer and Christina. Lisa

From: Burneson, Eric <Burneson.Fric@ena.gov>

Sent: Wednesday, February 12, 2020 9:53 AM

To: Mclain, Jennifer L. <McLain. lennifer @epa.gov>; Guilaran, Yu-Ting <Guilaran.Yu-Ting@epa.gov>; Tiago, Joseph
<lizgo.doseph@epa.gov>

Cc: Christ, Lisa <Christ. Lisa@epa.gov>; Rodgers-Jenkins, Crystal <Rodgers-lenkins. Crysial@epa.gow>

Subject: FW: Revised Document

Attached is the update on systems and perchlorate reductions. The only outstanding system is in LA.

From: Christ, Lisa

Sent: Wednesday, February 12, 2020 9:50 AM
To: Burneson, Eric <Burneson.Eric@ena.gov>
Subject: FW: Revised Document

From: Hernandez-Quinones, Samuel <Hernandez. Samuel@epa.gov>
Sent: Monday, February 10, 2020 12:37 PM

To: Christ, Lisa <Christ Lisai@ena gov>

Cc: Khera, Rajiv <kheraRajiv@epa.gow>

Subject: RE: Revised Document

Hi Lisa,

We got new information from the MD system. There was some misunderstanding with the information request
but here is the latest.

The treatment plant at chapel hill was recently taken off line and it was replaced with new productions wells

and treatment plant which started operations in January 27, 2020. Please see the new language that | have
incorporated in the revised document below.
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“EPA contacted the Chapel Hill System in January 2020. Water system personnel indicated that the Chapel
Hill WFP was taken off line and it was replaced with a new treatment plant and five new production wellis.
The new treatment plant started operations on January 27, 2020. System personnel also indicated that
monitoring was conducted in November 2019 and the analysis shows that perchlorate was not detected in
either the source well water or the finished water.”

Thanks
Sam

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment”

From: Christ, Lisa <Christ Lisa@epa.gov>

Sent: Monday, February 10, 2020 10:31 AM

To: Hernandez-Quinones, Samuel <Hernander Samusl@spg goy>
Cc: Khera, Rajiv <kKhera.Raiiv@epa.gov>

Subject: RE: Revised Document

Thanks Sam.

Do we know exactly what the contractor asked each PWS? Based on this response: EPA contacted the Chapel Hill
System in January 2020. Water system personnel indicated that no follow-up/updated monitoring data for
perchiorate is available. It appears we only asked about monitoring...did the contractor ask about any changes
in source water and/or treatment too?

Thanks,
Lisa

From: Hernandez-Quinones, Samuel <Hermandez Samuel@epa.gov>
Sent: Monday, February 10, 2020 8:14 AM

To: Christ, Lisa <Christ Lisai@epa.gov>

Cc: Khera, Rajiv <kKhera.Raliv@epa.gov>

Subject: Revised Document

Hi Lisa,

We heard back from the Chapel Hill system in MD and they do not have new data for Perchlorate. The
document has been updated accordingly. Please see attached.

Samuel Hernandez Quifiones, P.E.
Environmental Engineer
Office of Water
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Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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Message

From: Khera, Rajiv [Khera.Rajiv@epa.gov]

Sent: 3/26/2020 8:03:03 PM

To: Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]
CC: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: RE: Responses to OGC Comments

Attachments: Draft Perchlorate Compendium HRRCA sections 8-1 to 8-4 rkl-lc.docx .docx

Hi Sam-

Please see attached my responses to OGCs and Lisa’s comments. Broadly,i Ex. 5 Deliberative Process (DP)
Ex. 5 Deliberative Process (DP) iAll other comments

from OGC are totally palatable. Lisa’s input was very valuable. Thanks

Rajiv

From: Hernandez-Quinones, Samuel <Hernandez.Samuel@epa.gov>

Sent: Thursday, March 19, 2020 11:08 AM

To: Khera, Rajiv <Khera.Rajiv@epa.gov>

Subject: FW: Request for OGC Review - Court Filing Perchlorate Communications Plan

Hi Rajiv,

Here is OGCs input regarding the responses to the HRRCA comments. As you will see in their comments it
looks like there is a misunderstanding of the process we are taking in informing the withdrawal. We might have
to have a call with them in the coming days to have a discussion about how we have done this in the past and
how we do not want to set a precedent on involving economic considerations into the Reg Det process.

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Parikh, Pooja <Parikh.Pooiai@ena.gov>

Sent: Wednesday, March 18, 2020 2:03 PM

To: Hernandez-Quinones, Samuel <Hgrnandez Samusl@epa.gov>

Subject: RE: Request for OGC Review - Court Filing Perchlorate Communications Plan

Sam - please see attached mark-up of the economic assessment comments. Carrie had just a few additional
suggestions, which are reflected in the comment bubbles. Please let me know if you have any questions.

Pooja

Pooja S. Parikh
Attorney- Advisor
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U.S. Environmental Protection Agency
Office of General Counsel, Water Law Office
Phone: 202 564-0839

Email: parikh.pocia®@epa.goy

From: Hernandez-Quinones, Samuel <Hernandez. Samuel@epa.gov>

Sent: Friday, March 13, 2020 1:07 PM

To: Parikh, Pooja <Parikh.Pocia@epa.gov>

Subject: RE: Request for OGC Review - Court Filing Perchlorate Communications Plan
importance: High

Hi Pooja,
Will you be able to provide your feedback on the Economic Assessment Responses to comments today?

Also, | am working on another batch of comments that | plan to send to you as soon as Lisa is done with her
review. | expect that | will be sending that to you very soon. But we would benefit from seeing your feedback on
the first set of comments so that we can try to capture any concerns or guidance you might have on
subsequent responses.

Thank You
Sam

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Parikh, Pooja <Parikh.Pooiai@ena.gov>

Sent: Wednesday, March 11, 2020 2:46 PM

To: Hernandez-Quinones, Samuel <Hgrnandez Samusl@epa.gov>

Subject: RE: Request for OGC Review - Court Filing Perchlorate Communications Plan

Hi Sam —

Apologies but I've been caught up on other matters and haven’t had a chance to finish reviewing the Economic
Assessment Responses to Comments. | will aim to get comments to you tomorrow.

Thanks for responding to the legal comment responses; I’'m currently checking with Carrie to see whether the response
re the MCLG is sufficiently responsive to the comment as drafted — or whether we need to address it more specifically
(she was the one who had initially flagged this one as requiring a response).

Pooja

Pooja S. Parikh
Attorney- Advisor
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U.S. Environmental Protection Agency
Office of General Counsel, Water Law Office
Phone: 202 564-0839

Email: parikh.pocia®@epa.goy

From: Hernandez-Quinones, Samuel <Hernandez. Samueli@epa.gov>

Sent: Wednesday, March 11, 2020 9:22 AM

To: Parikh, Pooja <Parikh.Pocia@epa.gov>

Subject: RE: Request for OGC Review - Court Filing Perchlorate Communications Plan

Hi Pooja,

Please let me know if you also have any feedback for me on the Economic Assessment Responses to
comments that | sent you last week.

Also attached you can see my response to some of the comments that you and Carrie had for me. | wanted to
point out that | think there is a strategy that we should consider regarding avoiding a controversy over defining
the health effect level outside of the MCLG constrains. Let me know if you would like to talk about this.

Thanks
Sam

Samue! Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment”

From: Parikh, Pooja <Parikh.Pooia @ena.gov>

Sent: Tuesday, March 10, 2020 4:05 PM

To: Hernandez-Quinones, Samuel <Hernander Samusl@sng gov>

Subject: RE: Request for OGC Review - Court Filing Perchlorate Communications Plan

Ok, 1 expect I'll have time tomorrow to review.

From: Hernandez-Quinones, Samuel <Hernander Samueli@epa.gov>

Sent: Tuesday, March 10, 2020 3:38 PM

To: Parikh, Pooja <Parikh.Pocia@ena. gov>

Subject: RE: Request for OGC Review - Court Filing Perchlorate Communications Plan

Hi Pooja,

I am not certain about timing, all | heard was that we needed to have this ready for when the filing takes place.
1 will get back to you soon about this.

Thanks
Sam
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Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment”

From: Parikh, Pooja <Pzrikh.Pooia @ena.gov>

Sent: Tuesday, March 10, 2020 3:03 PM

To: Hernandez-Quinones, Samuel <Hernander Samusl@spa goy>

Subject: RE: Request for OGC Review - Court Filing Perchlorate Communications Plan

Thanks for sending this. Sorry, | haven’t had a chance to review yet — but it is on my to-do. What is the timing on this?

From: Hernandez-Quinones, Samuel <Hernandez Samusl@epa.gov>

Sent: Monday, March 09, 2020 2:15 PM

To: Parikh, Pooja <Parikh.Pociaf@epa gov>

Subject: Request for OGC Review - Court Filing Perchlorate Communications Plan

Hi Pooja,

| was asked by Eric Burneson to reach out to OGC to request your review of the attached draft
communications plan that we have prepared in anticipation of the filing with the court regarding the withdrawal
of the Reg Det for Perchlorate. We are requesting your review because this is associated with the court filing.

This document has been reviewed by Eric and once | get your feedback, | will forward the revised document to
the Communications people and to OGWDW.

Thank You
Sam

Samue! Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel@epa.gov]
Sent: 11/8/2019 5:53:42 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: Revised Briefing Document

Attachments: Option Selection for Perchlorate 11-8-19 v1.docx

Hi Lisa,
Here is the revised document. The edits are highlighted. Let me know if you have any comments or edits.

Thanks
Sam

Samue! Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]
Sent: 4/29/2020 5:42:55 AM

To: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: Draft Perchlorate Response to Comment Document

Attachments: Consolidated Perchlorate Draft Comment Response Document 4-29-20.docx

Hi Lisa,

Attached is the draft Perchlorate RtC Document. | incorporated the final input provided by ORD. This version
also includes annotated comments from reviewers. Let me know if we should also provide a clean copy for
review at this stage.

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 2/21/2020 3:15:18 PM

To: MclLain, Jennifer L. [McLain.Jennifer@epa.gov]

CC: Rodgers-Jenkins, Crystal [Rodgers-Jenkins.Crystal@epa.gov]; Guilaran, Yu-Ting [Guilaran.Yu-Ting@epa.gov]; Tiago,

Joseph [Tiago.Joseph@epa.gov]; Wadlington, Christina [Wadlington.Christina@epa.gov]; Christ, Lisa
[Christ.Lisa@epa.gov]

Subject: FW: Revised Document

Attachments: Perchlorate Reduction Outreach Plan v2.docx; Perchlorate Reductions 2-19-20 v1.docx; Perchlorate
Recommendations for PWS 2-21-20.docx

Jennifer: We have updated the recommendations document to reflect the comments you provided earlier. Attached
also is a plan to contact States and AWWA next week to verify our information and discuss with the states what
assistance might be provided.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250

From: Burneson, Eric

Sent: Thursday, February 20, 2020 4:19 PM

To: Mclain, Jennifer L. <Mclain.Jennifer@epa.gov>

Cc: Rodgers-Jenkins, Crystal <Rodgers-Jenkins.Crystal@epa.gov>; Guilaran, Yu-Ting <Guilaran.Yu-Ting@epa.gov>; Tiago,
Joseph <Tiago.Joseph@epa.gov>; Wadlington, Christina <Wadlington.Christina@epa.gov>; Christ, Lisa
(Christ.Lisa@epa.gov) <Christ.Lisa@epa.gov>

Subject: RE: Revised Document

Jennifer;

Attached please find revised perchlorate documents. We have revised the perchlorate reductions document with a view
towards public release. We have also prepared the attached plan to work next week with ASDWA and AWWA to verify
information about the systems and prepare states to assist systems.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250

From: Mclain, Jennifer L.
Sent: Wednesday, February 12, 2020 11:24 AM
To: Burneson, Eric <Burneson. Eric@epn.gov>
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Cc: Rodgers-Jenkins, Crystal <Rodzers-lenkins. Crystal@epa.gov>; Guilaran, Yu-Ting <Guilaran Yu-Ting@epa.gov>; Tiago,
Joseph <Tiago joseph@ena. gov>
Subject: RE: Revised Document

Eric — would you please review this document with an eye towards the future public version. Once you have a chance to
talk to the team, | would appreciate a plan for stakeholder engagement/outreach.

Thanks
Jennifer

From: Burneson, Eric <Burneson.Eric@epa. gow>

Sent: Wednesday, February 12, 2020 9:53 AM

To: Mclain, Jennifer L. <McLain Jennifer @epa.gov>; Guilaran, Yu-Ting <Guilaran.¥u-Ting@epa.zov>; Tiago, Joseph
<Tiago. doseph@epa.gov>

Cc: Christ, Lisa <Christ. Lisa@epa.gzov>; Rodgers-Jenkins, Crystal <Rodgers-lenkins.Crystal@epa.gov>

Subject: FW: Revised Document

Attached is the update on systems and perchlorate reductions. The only outstanding system is in LA.

From: Christ, Lisa

Sent: Wednesday, February 12, 2020 9:50 AM
To: Burneson, Eric <Burneson.Eric@epa.gov>
Subject: FW: Revised Document

From: Hernandez-Quinones, Samuel <Harnandez Samueli@ena gov>
Sent: Monday, February 10, 2020 12:37 PM

To: Christ, Lisa <Christ. Lisa@epa.gov>

Cc: Khera, Rajiv <ithera. Raliv@epa.gov>

Subject: RE: Revised Document

Hi Lisa,

We got new information from the MD system. There was some misunderstanding with the information request
but here is the latest.

The treatment plant at chapel hill was recently taken off line and it was replaced with new productions welis
and treatment plant which started operations in January 27, 2020. Please see the new language that | have
incorporated in the revised document below.

“EPA contacted the Chapel! Hill System in January 2020. Water system personnel indicated that the Chapel
Hill WFP was taken off line and it was replaced with a new treatment plant and five new production wells.
The new treatment plant started operations on January 27, 2020. System personnel also indicated that
monitoring was conducted in November 2019 and the analysis shows that perchlorate was not detected in
either the source well water or the finished water.”

Thanks
Sam

ED_005043_00078444-00002



Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment”

From: Christ, Lisa <Christ Lisa@epa.gov>

Sent: Monday, February 10, 2020 10:31 AM

To: Hernandez-Quinones, Samuel <Hernander Samusl@spg goy>
Cc: Khera, Rajiv <kKhera.Raiiv@epa.gov>

Subject: RE: Revised Document

Thanks Sam.

Do we know exactly what the contractor asked each PWS? Based on this response: EPA contacted the Chapel Hill
System in January 2020. Water system personnel indicated that no follow-up/updated monitoring data for
perchiorate is available. It appears we only asked about monitoring...did the contractor ask about any changes
in source water and/or treatment too?

Thanks,
Lisa

From: Hernandez-Quinones, Samuel <Hermandez Samuel@epa.gov>
Sent: Monday, February 10, 2020 8:14 AM

To: Christ, Lisa <Christ Lisai@epa.gov>

Cc: Khera, Rajiv <kKhera.Raliv@epa.gov>

Subject: Revised Document

Hi Lisa,

We heard back from the Chapel Hill system in MD and they do not have new data for Perchlorate. The
document has been updated accordingly. Please see attached.

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]
Sent: 5/19/2020 6:05:32 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: Draft Perchlorate Response to Comment Document

Attachments: Consolidated Perchlorate Draft Comment Response Document 5-19-20 v1 Clean.docx; Consolidated Perchlorate
Draft Comment Response Document 5-19-20 v1 Redline.docx

Hi Lisa,

Attached are the redline and clean versions of the draft Perchlorate RtC Document. These incorporate all the
suggested edits we have received so far from Eric, OGC, Team Members and others.

Let me know if you have any questions.

Thanks
Sam

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment”
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]
Sent: 1/17/2020 4:43:37 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

CC: Khera, Rajiv [Khera.Rajiv@epa.gov]

Subject: Supplemental Information - Perchlorate

Attachments: Supplemental Info - Perchlorate Option Selection 1-17-20 v1.docx

Hi Lisa,

Here is the document which provides the supplemental information requested about Perchlorate. | incorporated
relevant input which was provided by staff from OLEM and OPP. Let me know if you have any questions or
suggested edits.

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 12/2/2019 9:35:35 PM

To: Mclain, Jennifer [Mclain.Jennifer@epa.gov]

CC: Tiago, Joseph [Tiago.Joseph@epa.gov]; Guilaran, Yu-Ting [Guilaran.Yu-Ting@epa.gov]; Christ, Lisa
[Christ.Lisa@epa.gov]; Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]

Subject: Perchlorate Briefing Document

Attachments: Redline-Responses - Option Selection for Perchlorate 11-21-19 v1 jimkw.docx; Clean Version - Option Selection for
Perchlorate 12-2-19 v1.docx

Jennifer

Attached are a clean and redline copy of the perchlorate briefing document with your edits incorporated and your
comments/questions addressed. If you are comfortable with the attached | recommend you transmit the clean version
to OW and that we bring a copy to OLEM for our discussion tomorrow.

Eric
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 5/19/2020 2:35:29 PM

To: MclLain, Jennifer L. [McLain.Jennifer@epa.gov]

CC: Tiago, Joseph [Tiago.Joseph@epa.gov]; Guilaran, Yu-Ting [Guilaran.Yu-Ting@epa.gov]
Subject: RE: Notice of Final Action on Perchlorate

Attachments: Perchlorate Action Memo 5-19-20.docx; Draft Perchlorate Final Action FRN 5-19-20 v1.docx; Transmittal Memo JM
to DR 5-18-20.docx

Attached is a clean version of the notice with your edits accepted. Also attached is a clean version of the Action memo
with the edits | sent you last night accepted. Lastly attached is the unchanged memo from you to Dave Ross.

From: Mclain, Jennifer L. <Mclain.Jennifer@epa.gov>

Sent: Tuesday, May 19, 2020 9:15 AM

To: Burneson, Eric <Burneson.Eric@epa.gov>

Cc: Tiago, Joseph <Tiago.Joseph@epa.gov>; Guilaran, Yu-Ting <Guilaran.Yu-Ting@epa.gov>
Subject: RE: Notice of Final Action on Perchlorate

Eric — | have made two minor edits in the attached. | will send this to Charlotte so that she can see how we’ve addressed
her comments. At the same time we will submit formally to OW. Please send us the final clean versions of the memos
and the action for that process.

Thanks much
Jennifer

From: Burneson, Eric <Burneson.Ericfepa.gov>

Sent: Monday, May 18, 2020 8:42 PM

To: Mclain, Jennifer L. <}clainJennifer@epna.gov>

Cc: Tiago, Joseph <Tizgo. Joseph@epa gov>; Guilaran, Yu-Ting <Guilaran. Yu-Ting@epa.gov>
Subject: RE: Notice of Final Action on Perchlorate

Jennifer:

| don’t believe a discussion is necessary. Edits and responses to the questions are in the attached. Please let us know if
a revised clean version is needed.

Eric

From: Mclain, Jennifer L. <}Mclain lennifer@epa.pov>

Sent: Monday, May 18, 2020 5:34 PM

To: Burneson, Eric <Burneson.Eric@ena gov>

Cc: Tiago, Joseph <Tiago Josephi@epa.gov>; Guilaran, Yu-Ting <Guilaran Yu-Ting@epa.goy>
Subject: FW: Notice of Final Action on Perchlorate

Eric — please let me know if you want to discuss.

From: Bertrand, Charlotte <Bastrand Charlotle @ epa.gov>

Sent: Monday, May 18, 2020 5:29 PM

To: Mclain, Jennifer L. <}Mclain Jennifer@epa.gov>

Cc: Guilaran, Yu-Ting <Guilaran. Yu-Ting@epa.pov>; Braschayko, Kelley <braschavko kelley®@epa.zov>; Tiago, Joseph
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<Tiago losephidepa.gov>; Aguirre, Janita <Aguirre. lanita@epa.gov>
Subject: RE: Notice of Final Action on Perchlorate

Thanks — couple of bubble box questions and then | had one redline edit | added to the Notice.

From: Mclain, Jennifer L. <}clain. lenniferf@ena gov>

Sent: Monday, May 18, 2020 3:01 PM

To: Bertrand, Charlotte <Bertrand. Charlotte @ epa.gov>

Cc: Guilaran, Yu-Ting <Guilaran.Yu-Ting@epa.gov>; Braschayko, Kelley <braschavke. kelley@eapa.gov>; Tiago, Joseph
<fiago.loseph@epa.gov>; Aguirre, Janita <Aguirre lanita@epa.gov>

Subject: FW: Notice of Final Action on Perchlorate

Charlotte — as agreed, I'm sending you the draft final perchlorate FRN for review. The redline includes the changes made
since the FAR. I’'m also including the draft Action Memo. Please let us know if your preference is to have these submitted
to OW through CMS now or after you have reviewed. Let me know if you want to talk.

Jennifer

From: Burneson, Eric <Burneson. Eric@epa. gow>

Sent: Monday, May 18, 2020 2:48 PM

To: Mclain, Jennifer L. <Mclain jennifer@spa.gov>

Cc: Guilaran, Yu-Ting <Guilaran.Yu-Ting @epa.gov>; Tiago, Joseph <Tiago. josephi@epa.gov>; Christ, Lisa
<Christ.lisa®@epa.gov>; Hernandez-Quinones, Samuel <Hernandez Samusl@epa.gov>

Subject: FW: Notice of Final Action on Perchlorate

Jennifer:

Attached for transmission to OW are revised versions of the FRN for the Perchlorate Final Action. There is both a clean
and track changes version that includes edits made since initiating FAR (including the edits you asked for on Saturday
and adding 3 more SAB recommendations to page 14 that were in the proposal but were not included in the draft we
provided you on Friday). Also please find clean version of the transmittal memo from you to Dave Ross and the Action
memo incorporating your edits.

Please note that there is also a redline version of the Action Memo for you to see the responses to your comments on
the document. | do not recommend transmitting that memo to OW.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250

From: Hernandez-Quinones, Samuel <Harmander Samuel@epa govw>
Sent: Monday, May 18, 2020 2:18 PM

To: Burneson, Eric <Burneson.tric@epa.goy>

Cc: Christ, Lisa <Christ. Lisa@epa.gov>

Subject: RE: Notice of Final Action on Perchlorate

Hi Eric,
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Attached are the revised Redline and Clean versions of the Perchlorate FR Notice. Once we are ready for
OP’s submittal to OMB let me know and | will provide a version that adheres to OP’s file name formatting
guidelines.

Thanks
Sam

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Burneson, Eric <Burneson.Eric@ena.gov>

Sent: Monday, May 18, 2020 1:14 PM

To: Hernandez-Quinones, Samuel <Hsimandez Samuel@epa.gov>
Cc: Christ, Lisa <Christ. Lisa@epa.gov>

Subject: RE: Notice of Final Action on Perchiorate

Sam
1. Change the title please. This was requested by OGC at Sr. Leadership levels.
2. Provide the same level of detail on the SAB recommendations as was included in the proposal.
3. ldon't think the HRRCA text is necessary and do not want to add it at this stage since there are OGC edits that

already make this clear.

Eric

From: Hernandez-Quinones, Samuel <Hernander Samueli@epa.gov>

Sent: Monday, May 18, 2020 12:41 PM

To: Burneson, Eric <Burneson.Erici@ena.gov>

Cc: Christ, Lisa <Chyis Lisa@spg, goy>

Subject: RE: Notice of Final Action on Perchlorate

Hi Eric,

Here is a revised Redline of the document (from FAR). We had a few questions/issues for your consideration
about the attached file. Specifically:,

1- Page #1, Notice Tittle: We did not accept the edits to the notice tittle. Because, the tittle of the notice
was specifically crafted by OGC to capture the multiple actions EPA is taking. Suggest consuiting with
OGC before modifying this tittle.

2- Page #14, SAB Recommendations: SAB provided 4 main recommendations in 2013 but we only listed
the first recommendation. Please advise if we should list all 4 recommendations here or not.

3- Page #26, Missing HRRCA Text: This language was offered by TAB in its 5-13-20 version of the draft
FRN, but it did not show up in the version provided by OGWDW with Eric’s & Jennifer's comments. We
have inserted the language here for the reviewer's consideration. Please advise if we should keep it.

Once you provide your feedback, | will modify the redline version and also provide a Clean copy for
transmittal.

Thanks
Sam
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Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment”

From: Burneson, Eric <Burneson.Ericf@ena gov>

Sent: Monday, May 18, 2020 8:42 AM

To: Christ, Lisa < hirist. Lisai@epa.gov>; Hernandez-Quinones, Samuel <Hernandsz Samusli@epa.gov>

Cc: Mclain, Jennifer L. <¥iclain lennifer@epa.gov>; Tiago, Joseph <Tiago. Joseph®@epa.gov>; Guilaran, Yu-Ting
<GuilaranYu-Tinz@epa.gov>

Subject: FW: Notice of Final Action on Perchlorate

Lisa and Sam

Attached are Jennifer’'s comments and edits on the draft FRN. | have responded to her questions in the attached and
made some additional edits. Can you please get a revised clean version and another redline version that compares this
document and the version that was distributed to FAR?

Thanks for your work on this.

Eric

From: Mclain, Jennifer L. <}Mclain. Jennifer@epa.gov>
Sent: Saturday, May 16, 2020 11:39 AM

To: Burneson, Eric <Burneson.Eric@ena.gov>
Subject: RE: Notice of Final Action on Perchlorate

Looks very good. See p. 6 for my only concern w/the revisions.

From: Burneson, Eric <Burneson.Ericfepa.gov>

Sent: Friday, May 15, 2020 5:03 PM

To: Mclain, Jennifer L. <}clain Jennifer@epa.gov>

Cc: Christ, Lisa <Christ.Lisa@epa.zov>; Hernandez-Quinones, Samuel <Hernandez. Samuelfepa.gov>; Tiago, Joseph
<Tiagoossph@epa.goy>; Guilaran, Yu-Ting <Guilaran Yu-Ting@epa.gow>

Subject: Notice of Final Action on Perchlorate

Jennifer

Attached for your approval and transmittal to the Office of Water for their approval and transmittal to the
Office Policy for initiation of interagency review is a Federal Register notice titled: “Notice of Final Action on
Perchlorate.” Also attached for your review are a draft transmittal memo from you to the Assistant
Administrator of Water, a draft Action Memorandum and a track changes version of the FR notice that
denotes the changes made as a result of Final Agency Review.

On February 11, 2011, the EPA published a determination to regulate perchlorate in drinking water (76 FR
7762). On June 26, 2019 (84 FR 30524}, the EPA published the proposed National Primary Drinking Water
Regulation for Perchlorate and requested public comments on multiple alternative actions, including
withdrawing the 2011 determination to regulate perchlorate. The EPA received approximately 1,500
comments on the proposed rule. In the attached notice, the EPA is withdrawing the 2011 Regulatory
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Determination and is making a final determination not to regulate perchlorate based on the Agency’s
consideration of public comments and the best available information.

| recommend that you approve and transmit the attached notice to the Office of Water for their review,
approval and transmission to the Office of Policy to initiate interagency review in accordance with Executive
Order 12866. If you need additional information or have questions pertaining to any aspect of this notice,
please call me or have your staff contact Samuel Hernandez at 202-564-1735.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 11/15/2019 7:32:13 PM

To: Albert, Ryan [Albert.Ryan@epa.gov]; Christ, Lisa [Christ.Lisa@epa.gov]
Subject: FW: Revised briefing document - Perchlorate

Attachments: Option Selection for Perchlorate 11-15-19 v1.docx

Ex. 5 Deliberative Process (DP)

From: Burneson, Eric

Sent: Friday, November 15, 2019 2:15 PM

To: Hernandez-Quinones, Samuel <Hernandez.Samuel@epa.gov>

Cc: Christ, Lisa (Christ.Lisa@epa.gov) <Christ.Lisa@epa.gov>; Huff, Lisa <Huff.Lisa@epa.gov>; Albert, Ryan
<Albert.Ryan@epa.gov>; Rodgers-Jenkins, Crystal <Rodgers-Jenkins.Crystal@epa.gov>; Wehling, Carrie
<Wehling.Carrie@epa.gov>; Wendelowski, Karyn <wendelowski.karyn@epa.gov>; Behl, Betsy <Behl.Betsy@epa.gov>;
Khera, Rajiv <Khera.Rajiv@epa.gov>; Weisman, Richard <Weisman.Richard@epa.gov>

Subject: RE: Revised briefing document - Perchlorate

Sam:
Thank you for preparing a revised briefing to respond to the input received in our prebrief. | have made additional edits
to address requests received from OW leadership. | have left sections highlighted where OGC input is still needed. | also

Ex. 5 Deliberative Process (DP)

We will not be briefing the Administrator for the next several weeks but we do have an opportunity for OW review of
the document so lets try to have revisions next week.

Please include OST on the next version. | have copied Betsy on the attached so that she can see the latest but you
should also share with Greg and Jamie.

Eric

From: Hernandez-Quinones, Samuel

Sent: Wednesday, November 13, 2019 12:32 PM
To: Burneson, Eric <Burneson.Eric@ena.gov>
Subject: Revised briefing document - Perchlorate

Hi Eric,

Attached is a revised version of the briefing document, based on Jennifer’s direction and comments during last
week’'s meeting. Lisa reviewed this version and provided additional edits. I left two placeholders in this
document for the input from OLEM as well as from OGC.

| sent this draft version to Karyn and she is working on providing OGC’s input to us. Let me know if you have
comments or any suggested edits.

Thanks
Sam
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Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment”
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 12/2/2019 3:38:00 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

CC: Hernandez-Quinones, Samuel [Hernandez.Samuel@epa.gov]; Khera, Rajiv [Khera.Rajiv@epa.gov]
Subject: FW: Perchlorate

Attachments: Option Selection for Perchlorate 11-21-19 v1 jimkw.docx

Lisa:

Can you review the attached briefing with Jennifer and Karyn’s edits to confirm we are comfortable edits and have
addressed the questions.

Please note that Betsy Behl stated she is comfortable and | have contacted OLEM about scheduling the meeting.

Eric

From: Wendelowski, Karyn

Sent: Wednesday, November 27, 2019 10:51 AM

To: Burneson, Eric <Burneson.Eric@epa.gov>; Hernandez-Quinones, Samuel <Hernandez.Samuel@epa.gov>

Cc: Christ, Lisa <Christ.Lisa@epa.gov>; Huff, Lisa <Huff.Lisa@epa.gov>; Rodgers-Jenkins, Crystal <Rodgers-
Jenkins.Crystal@epa.gov>; Wehling, Carrie <Wehling.Carrie@epa.gov>; Khera, Rajiv <Khera.Rajiv@epa.gov>; Behl, Betsy
<Behl.Betsy@epa.gov>

Subject: Re: Perchlorate

Hi Eric - attached are a few edits and responses to Jennifer's questions. I've also let DOJ know the decision is
now likely to occur mid-December.

Karyn

From: Burneson, Eric <Burnsson. Eric@ena, goy>
Sent: Tuesday, November 26, 2019 4:24 PM
To: Wendelowski, Karyn <werndelowski karyn@epa.gov>; Hernandez-Quinones, Samuel <Hernandez Samuel@epa.gov>

Jenkins. Crystal@ena.gov>; Wehling, Carrie <Wehling Carrie@epa.gov>; Khera, Rajiv <kKhera.Rajlivi@epa.gov>; Behl, Betsy
<Behl Petsyiepa.goy>
Subject: RE: Perchlorate

Karyn:
The briefing has not happened nor is it scheduled. | have asked the team to assume that we will not brief the
Administrator until mid December based upon input from OW —10. Attached is a revised briefing from Jennifer McLain.

if you are in tomorrow it would be good to get your input on a few questions related to this briefing. Thanks

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250
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From: Wendelowski, Karyn

Sent: Tuesday, November 26, 2019 1:33 PM

To: Burneson, Eric <Burpeson. Eric@epa.zov>; Hernandez-Quinones, Samuel <Hernandesz. Samuel@epa.gov>

Cc: Christ, Lisa <Christ. Lisa@epa.gov>; Huff, Lisa <Huff.Lisa@epa, gov>; Albert, Ryan <Albert Ryan®@epa.gov>; Rodgers-
Jenkins, Crystal <Rodgers-ignkins. Crystal@epa.zov>; Wehling, Carrie <Wehiing Carrie®@epa.gov>; Behl, Betsy

<Behl Betsy@epa.gov>; Khera, Rajiv <kKhera.Rajivitepa.gov>; Weisman, Richard <Welsman. Richard@epa.gow>
Subject: Perchlorate

Hi All: - DOJ has asked me to check in with you on where we are with respect to schedule and timing. Has a briefing
occurred? Any decisions?

Thanks (and Happy Thanksgiving),
Karyn

Karyn Wendelowski
Attorney-Advisor

Water Law Office

Office of General Counsel
(202)564-5493
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel@epa.gov]
Sent: 10/30/2019 7:18:06 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: RE: perchlorate draft OS brief

Attachments: Options Selection for Perchlorate V1 10-30-19.docx

Hi Lisa,
Here is a revised version of the document.

Thanks
Sam

Samue! Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Christ, Lisa <Christ.Lisa@epa.gov>

Sent: Wednesday, October 30, 2019 11:02 AM

To: Hernandez-Quinones, Samuel <Hernandez.Samuel@epa.gov>
Subject: perchlorate draft OS brief

Hi Sam,
Attached is the draft briefing document we discussed. Please add, revised, deleted, etc.

Lisa
Lisa Christ
Chief, Targeting and Analysis Branch

Office of Ground Water and Drinking Water
202-564-8354
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]
Sent: 1/15/2020 3:16:10 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: FW: Perchlorate Team Meeting

Attachments: Draft Perchlorate Compendium.docx

FYL.

Thanks
Sam

Samue! Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Hernandez-Quinones, Samuel

Sent: Monday, December 09, 2019 11:02 AM
To: Miller, Gregory <Miller.Gregory@epa.gov>
Subject: RE: Perchlorate Team Meeting

Ok, we can have a call later in the week.

Also, | am attaching here a copy of the draft compendium of comments for Perchiorate. | think you will be
interested in seeing the comments on section 8.1. Let me know if you have any questions.

Thanks
Sam

Samuel! Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Miller, Gregory <}Miller.Gregory@ena. gov>
Sent: Monday, December 09, 2019 7:28 AM

To: Hernandez-Quinones, Samuel

Subject: Tentative: Perchlorate Team Meeting

When: Wednesday, December 11, 2019 2:00 PM-2:45 PM (UTC-05:00) Eastern Time (US & Canada).

Where: DCRoomEast2406/DC-ICC-OW-OGWDW
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Hi Sam,
I'm not going to be available for this meeting. I'll give you a call to check in. Thanks.
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 3/3/2020 9:36:59 PM

To: MclLain, Jennifer L. [McLain.Jennifer@epa.gov]

CC: Tiago, Joseph [Tiago.Joseph@epa.gov]; Guilaran, Yu-Ting [Guilaran.Yu-Ting@epa.gov]; Christ, Lisa
[Christ.Lisa@epa.gov]

Subject: FW: Materials for tomorrow's Briefing: Perchlorate

Attachments: Decision for Perchlorate Final Regulatory Action_2_26_20.docx; Option Selection for
Perchlorate_final_01.09.2020.pdf

Jennifer: Attached are the materials that we would add to the recommendations and reductions documents (that were
transmitted to OW) for a discussion with the Administrator. We note that the schedules in the briefing we gave the
Administrator on 1/9/20 are now out of date. Below is an update for the withdrawal schedule that assumes a meeting
occurs on March 16.

Perchlorate Schedule - Draft 2/24/2020
- No.
Activity start end Days
Option selection AA 1/7/2020 1/7/2020 0
Options selection Administrator 1/9/2020 1/9/2020 0
Prepare additional support documents 1/10/2020 1/24/2020 14
Brief Administrator 3/16/2020 3/20/2020 5

Ex. 5 Deliberative Process (DP)

OW Prepares Final Regulatory Determination

Package (FRN, comment response document 1/25/2020 4/4/2020 70
etc.)

Final Agency Review 4/5/2020 4/26/2020 21
OMB briefing & ROCIS Submission 4/27/2020 5/4/2020 7
EOQ12866 review 5/5/2020 6/11/2020 37
Final Signature and Rollout 6/12/2020 6/19/2020 7
Consent Decree Signature Deadline 6/18/2020

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 5/18/2020 6:47:55 PM

To: MclLain, Jennifer L. [McLain.Jennifer@epa.gov]

CC: Guilaran, Yu-Ting [Guilaran.Yu-Ting@epa.gov]; Tiago, Joseph [Tiago.Joseph@epa.gov]; Christ, Lisa
[Christ.Lisa@epa.gov]; Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]

Subject: FW: Notice of Final Action on Perchiorate

Attachments: Draft Perchiorate Final Action FRN 5-18-20 v1 Redline.docx; Draft Perchlorate Final Action FRN 5-18-20 v1
Clean.docx; Perchlorate Action Memo 5-18-20.docx; Perchlorate Action Memo 5-18-20redline.docx; Transmittal
Memo JM to DR 5-18-20.docx

Jennifer:

Attached for transmission to OW are revised versions of the FRN for the Perchlorate Final Action. There is both a clean
and track changes version that includes edits made since initiating FAR (including the edits you asked for on Saturday
and adding 3 more SAB recommendations to page 14 that were in the proposal but were not included in the draft we
provided you on Friday). Also please find clean version of the transmittal memo from you to Dave Ross and the Action
memo incorporating your edits.

Please note that there is also a redline version of the Action Memo for you to see the responses to your comments on
the document. | do not recommend transmitting that memo to OW.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250

From: Hernandez-Quinones, Samuel <Hernandez.Samuel@epa.gov>
Sent: Monday, May 18, 2020 2:18 PM

To: Burneson, Eric <Burneson.Eric@epa.gov>

Cc: Christ, Lisa <Christ.Lisa@epa.gov>

Subject: RE: Notice of Final Action on Perchlorate

Hi Eric,

Attached are the revised Redline and Clean versions of the Perchlorate FR Notice. Once we are ready for
OP’s submittal to OMB let me know and | will provide a version that adheres to OP’s file name formatting
guidelines.

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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From: Burneson, Eric <Burneson.Eric@epa.gov>

Sent: Monday, May 18, 2020 1:14 PM

To: Hernandez-Quinones, Samuel <Hernandez Samuel@epa.gov>
Cc: Christ, Lisa <Christ.Lisa@epa.gov>

Subject: RE: Notice of Final Action on Perchlorate

Sam
1. Change the title please. This was requested by OGC at Sr. Leadership levels.
2. Provide the same level of detail on the SAB recommendations as was included in the proposal.
3. ldon't think the HRRCA text is necessary and do not want to add it at this stage since there are OGC edits that

already make this clear.

Eric

From: Hernandez-Quinones, Samuel <Harmandez Samuel@ena sovw>

Sent: Monday, May 18, 2020 12:41 PM

To: Burneson, Eric <Burneson.tric@epa.gov>

Cc: Christ, Lisa <Christ.Lisa@epa.gov>

Subject: RE: Notice of Final Action on Perchiorate

Hi Eric,

Here is a revised Redline of the document (from FAR). We had a few questions/issues for your consideration
about the attached file. Specifically:,

1- Page #1, Notice Tittle: We did not accept the edits to the notice tittle. Because, the tittle of the notice
was specifically crafted by OGC to capture the mulitiple actions EPA is taking. Suggest consuiting with
OGC before modifying this tittle.

2- Page #14, SAB Recommendations: SAB provided 4 main recommendations in 2013 but we only listed
the first recommendation. Please advise if we should list all 4 recommendations here or not.

3- Page #26, Missing HRRCA Text: This language was offered by TAB in its 5-13-20 version of the draft
FRN, but it did not show up in the version provided by OGWDW with Eric’s & Jennifer's comments. We
have inserted the language here for the reviewer's consideration. Please advise if we shouid keep it.

Once you provide your feedback, | will modify the redline version and also provide a Clean copy for
transmittal.

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Burneson, Eric <Burneson.Eric@epa.gov>

Sent: Monday, May 18, 2020 8:42 AM

To: Christ, Lisa <Chyist.Liza@epa.gov>; Hernandez-Quinones, Samuel <Hermandez. Samuel@epa.gov>

Cc: Mclain, Jennifer L. <¥clainJennifer@epa.goy>; Tiago, Joseph <Tlago. Joseph@epa.gov>; Guilaran, Yu-Ting
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<Guilaran.Yu-Ting@epa.gov>
Subject: FW: Notice of Final Action on Perchlorate

Lisa and Sam

Attached are Jennifer’'s comments and edits on the draft FRN. | have responded to her questions in the attached and
made some additional edits. Can you please get a revised clean version and another redline version that compares this
document and the version that was distributed to FAR?

Thanks for your work on this.

Eric

From: Mclain, Jennifer L. <}clain. Jennifer@epa.gov>
Sent: Saturday, May 16, 2020 11:39 AM

To: Burneson, Eric <Burneson.Eric@epa.gov>
Subject: RE: Notice of Final Action on Perchlorate

Looks very good. See p. 6 for my only concern w/the revisions.

From: Burneson, Eric <Burnesorn.Eric@ena. gov>

Sent: Friday, May 15, 2020 5:03 PM

To: Mclain, Jennifer L. <MiainJennifer@epa.gov>

Cc¢: Christ, Lisa <Christ.Lisa@epa.gov>; Hernandez-Quinones, Samuel <Hernandez Samusi@epa. gov>; Tiago, Joseph
<Tiago ossph@epa.sov>; Guilaran, Yu-Ting <Guilaran Yu-Tings@epa.gow>

Subject: Notice of Final Action on Perchlorate

Jennifer

Attached for your approval and transmittal to the Office of Water for their approval and transmittal to the
Office Policy for initiation of interagency review is a Federal Register notice titled: “Notice of Final Action on
Perchlorate.” Also attached for your review are a draft transmittal memo from you to the Assistant
Administrator of Water, a draft Action Memorandum and a track changes version of the FR notice that
denotes the changes made as a result of Final Agency Review.

On February 11, 2011, the EPA published a determination to regulate perchlorate in drinking water (76 FR
7762). On June 26, 2019 (84 FR 30524}, the EPA published the proposed National Primary Drinking Water
Regulation for Perchlorate and requested public comments on multiple alternative actions, including
withdrawing the 2011 determination to regulate perchlorate. The EPA received approximately 1,500
comments on the proposed rule. In the attached notice, the EPA is withdrawing the 2011 Regulatory
Determination and is making a final determination not to regulate perchlorate based on the Agency’s
consideration of public comments and the best available information.

| recommend that you approve and transmit the attached notice to the Office of Water for their review,
approval and transmission to the Office of Policy to initiate interagency review in accordance with Executive
Order 12866. If you need additional information or have questions pertaining to any aspect of this notice,
please call me or have your staff contact Samuel Hernandez at 202-564-1735.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 2/26/2020 1:21:05 PM

To: MclLain, Jennifer L. [McLain.Jennifer@epa.gov]

CC: Rodgers-Jenkins, Crystal [Rodgers-Jenkins.Crystal@epa.gov]; Guilaran, Yu-Ting [Guilaran.Yu-Ting@epa.gov]; Tiago,

Joseph [Tiago.Joseph@epa.gov]; Wadlington, Christina [Wadlington.Christina@epa.gov]; Christ, Lisa
[Christ.Lisa@epa.gov]

Subject: FW: Revised Document

Attachments: Perchlorate Reductions 2-25-20 v1.docx; Perchlorate Recommendations for PWS 2-25-20 v1.docx

Jennifer: Attached please find clean copies of the recommendations and reductions documents for perchlorate. We
have incorporated your edits. Please note with respect to your question about CCR reporting of perchiorate monitoring

CCR regulations under 141.153.(d}(1) requires the CCR include data on detected contaminants subject to mandatory
monitoring including

i Contaminants subject to an MCL, action level, MRDL or TT

ii. Contaminants for which monitoring is required under the UCMR

iii. Disinfection byproducts or micriobial contaminants for which monitoring is required.

Ex. 5 Deliberative Process (DP)

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250

From: Mclain, Jennifer L.

Sent: Sunday, February 23, 2020 9:13 PM

To: Burneson, Eric <Burneson.Eric@ena.gov>

Cc: Rodgers-Jenkins, Crystal <Rodsers-lenkins. Crystal@spa gov>; Guilaran, Yu-Ting <Guilaran Yu-Ting@sna.gov>; Tiago,
Joseph <tiago. doseph®@spa.gov>; Wadlington, Christina <Wadlington. Christina@epa.gov>; Christ, Lisa
<Christ.lisa@epa.gov>

Subject: RE: Revised Document

Thank you Eric & Lisa— The attached contain a very few edits/comments. And then, these are ready to go to OW for
review. Regarding the outreach plan, continue to pursue the discussions with ASDWA and AWWA as we discussed and
agreed to with Dave. However, I’'m not sure that we can say these reports will be released soon, maybe it is better to say
that there is the potential for them to be issued in the near term.

Thanks much,
Jennifer
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From: Burneson, Eric <Burnsson.Eric@enag goy>

Sent: Friday, February 21, 2020 10:15 AM

To: Mclain, Jennifer L. <}Mclain Jennifer@epa.gov>

Cc: Rodgers-Jenkins, Crystal <Rodgers-lenkins. Crystal@epa gov>; Guilaran, Yu-Ting <Guilaran Yu-Ting@epa.gov>; Tiago,
Joseph <tiago doseph®@spa.gov>; Wadlington, Christina <Wadlington. Christina@epa.gov>; Christ, Lisa

<Christ. lisa@epa.gov>

Subject: FW: Revised Document

Jennifer: We have updated the recommendations document to reflect the comments you provided earlier. Attached
also is a plan to contact States and AWWA next week to verify our information and discuss with the states what
assistance might be provided.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250

From: Burneson, Eric

Sent: Thursday, February 20, 2020 4:19 PM

To: Mclain, Jennifer L. <pclain. lennifer@epa.govy>

Cc: Rodgers-Jenkins, Crystal <Rodgers-lenkins. Crystal@epa gov>; Guilaran, Yu-Ting <Guilaran Yu-Ting@epa.gov>; Tiago,
Joseph <Tiago. josephi@ epa. gov>; Wadlington, Christina <Wadlington. Christina@epa.gov>; Christ, Lisa

(Christ. Lisa@ena.eov) <Christ.Lisa@epa.gov>

Subject: RE: Revised Document

Jennifer;

Attached please find revised perchlorate documents. We have revised the perchlorate reductions document with a view
towards public release. We have also prepared the attached plan to work next week with ASDWA and AWWA to verify
information about the systems and prepare states to assist systems.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250

From: Mclain, Jennifer L.

Sent: Wednesday, February 12, 2020 11:24 AM

To: Burneson, Eric <Burneson.Eric@ena.gov>

Cc: Rodgers-Jenkins, Crystal <Rodzers-lenkins. Crystal@epa.gov>; Guilaran, Yu-Ting <Guilaran Yu-Ting@epa.gov>; Tiago,
Joseph <Tiago joseph@epa.gov>

Subject: RE: Revised Document
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Eric — would you please review this document with an eye towards the future public version. Once you have a chance to
talk to the team, | would appreciate a plan for stakeholder engagement/outreach.

Thanks
Jennifer

From: Burneson, Eric <Burnason.Ericflena. gov>

Sent: Wednesday, February 12, 2020 9:53 AM

To: Mclain, Jennifer L. <McLain.lennifer @ena.gov>; Guilaran, Yu-Ting <Guilaran.Yu-Ting@epa.gow>; Tiago, Joseph
<Tiggo Joseph@ena goy>

Cc: Christ, Lisa <Christ.Lisa@epa.gov>; Rodgers-Jenkins, Crystal <Rodgers-lankins.Crystal@epa.gov>

Subject: FW: Revised Document

Attached is the update on systems and perchlorate reductions. The only outstanding system is in LA.

From: Christ, Lisa

Sent: Wednesday, February 12, 2020 9:50 AM
To: Burneson, Eric <Burneson. Erici@ena.gov>
Subject: FW: Revised Document

From: Hernandez-Quinones, Samuel <Hernander Samueli@epa.gov>
Sent: Monday, February 10, 2020 12:37 PM

To: Christ, Lisa <Christ. Lisaf@epa.gov>

Cc: Khera, Rajiv <kheraRajiv@epa.gow>

Subject: RE: Revised Document

Hi Lisa,

We got new information from the MD system. There was some misunderstanding with the information request
but here is the latest.

The treatment plant at chapel hill was recently taken off line and it was replaced with new productions wells
and treatment plant which started operations in January 27, 2020. Please see the new language that | have
incorporated in the revised document below.

“EPA contacted the Chapel Hill System in January 2020. Water system personnel indicated that the Chapel
Hill WFP was taken off line and it was replaced with a new treatment plant and five new production wells.
The new treatment plant started operations on January 27, 2020. System personnel also indicated that
monitoring was conducted in November 2019 and the analysis shows that perchlorate was not detected in
either the source well water or the finished water.”

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
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Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment”

From: Christ, Lisa <Christ.Lisa@epa.gov>

Sent: Monday, February 10, 2020 10:31 AM

To: Hernandez-Quinones, Samuel <Hernander Samusl@spg goy>
Cc: Khera, Rajiv <Khera.Raiiv@epa.gov>

Subject: RE: Revised Document

Thanks Sam.

Do we know exactly what the contractor asked each PWS? Based on this response: EPA contacted the Chapel Hill
System in January 2020. Water system personnel indicated that no follow-up/updated monitoring data for
perchlorate is available. It appears we only asked about monitoring...did the contractor ask about any changes
in source water and/or treatment too?

Thanks,
Lisa

From: Hernandez-Quinones, Samuel <Hernandez Samusl@epa.gov>
Sent: Monday, February 10, 2020 8:14 AM

To: Christ, Lisa <Chyist. Lisai@epa.gov>

Cc: Khera, Rajiv <kKhera.Raiiv@epa.gov>

Subject: Revised Document

Hi Lisa,

We heard back from the Chapel Hill system in MD and they do not have new data for Perchlorate. The
document has been updated accordingly. Please see attached.

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]
Sent: 11/14/2019 8:51:37 PM

To: Huff, Lisa [Huff.Lisa@epa.gov]

CC: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: RE: Perchlorate briefing

Attachments: Option Selection for Perchlorate 11-12-19 v1.docx

Hi Lisa,

I sent a revised draft version of the briefing document to Eric earlier this week. we are waiting for
additional input that 0GC will provide to us. Here 1is the revised document, as reviewed by Lisa, that I
shared with Eric. If you have additional information, I will be glad to incorporate into the document.

I will be in the office tomorrow morning if you want to hand those notes to me, or you can also email
them.

Thanks
Sam

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

office of water

Environmental Protection Agency
1200 Pennsylvania Ave. Nw
washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment”

————— original Message-----

From: Huff, Lisa <Huff.Lisa@epa.gov>

Sent: Thursday, November 14, 2019 3:37 PM

To: Hernandez-Quinones, Samuel <Hernandez.Samuel@epa.gov>
Cc: Christ, Lisa <Christ.Lisa@epa.gov>

Subject: Perchlorate briefing

sam,

I just had a conversation with Eric. He said the meeting with with Dave Ross and the Administrator has
been delayed however he said we need to put together the briefing materials ASAP. He gave me a brief
summary of the 3 options to reflect based on direction from last week. I can email you those point but
thought you might have in your notes. He had one addition that is for the option recommending a MCL we
should specify that value would be 18. Have you been working on preparing materials? Eric was hoping to
have them by tomorrow for his review. Please let me know. I'm out of the office for an appt. but will
follow up via email shortly.

Lisa
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]
Sent: 4/24/2020 1:09:36 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: Response to comment document

Attachments: Draft Responses Section 8 - Health Effects 4-24-20 v1.docx; Consolidated Perchlorate Draft Comment Response
Report 4-24-20 v1.docx

Hi Lisa,

Attached you will find the consolidated response to comment document. To make the review process easier in
this stage, | decided to have a separate file that includes only Section 8 (Health Effects). | think it is easier this
way because it is the largest section in the document and providing edits and comments on the lager
document might impact the editorial format on other sections.

| have only received partial input from ORD, | told Lynn that | could not wait any longer for their input and that |
would send the document forward for review and that | was leaving placeholders for their input. There are only
a handful of comments pending. She is aware of our very aggressive schedule on perchlorate.

I will be working in the coming days with the team to make another QA of the document to make sure that any
issues we find are captured in the next round of revisions. | am also working on the cover and front matter of
the report.

Thank You
Sam

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 9/12/2019 4:10:34 PM

To: Mclain, Jennifer [Mclain.Jennifer@epa.gov]; Guilaran, Yu-Ting [Guilaran.Yu-Ting@epa.gov]

CC: Rodgers-Jenkins, Crystal [Rodgers-Jenkins.Crystal@epa.gov]; Christ, Lisa [Christ.Lisa@epa.gov]; Hernandez-
Quinones, Samuel [Hernandez.Samuel@epa.gov]; Tiago, Joseph [Tiago.Joseph @epa.gov]

Subject: Perchlorate comment summary

Attachments: Perchlorate Comment Summary V4.docx

Jennifer and Yu Ting:

Attached please find a summary of the comments on the proposed perchlorate drinking water regulation. This issue
came up in the hearing prep meeting for the Administrator yesterday and | would like to present the attached in the OW
biweekly tomorrow. Please let me know if you have any comments or concerns with the attached.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]

Sent: 9/12/2019 12:46:20 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: RE: draft summary of perchlorate public comments -- Eric was wondering when this would be ready?

Attachments: Perchlorate Comment Summary V4.docx

Hi Lisa,

Here is the revised summary document. It now accounts for all the comments uploaded in the docket.

Thanks
Sam

Samue! Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Christ, Lisa <Christ.Lisa@epa.gov>
Sent: Wednesday, September 11, 2019 4:18 PM
To: Hernandez-Quinones, Samuel <Hernandez.Samuel@epa.gov>

Subject: FW: draft summary of perchlorate public comments -- Eric was wondering when this would be ready?

Importance: High

From: Christ, Lisa

Sent: Wednesday, September 11, 2019 12:02 PM

To: Hernandez-Quinones, Samuel <Hsimandez Samuel@epa.gov>
Subject: FW: draft summary of perchlorate public comments

Hi Sam,

Please see Eric’s request below. | think he’d like to share with OW on Friday.

Thanks,
Lisa

From: Burneson, Eric <Burnsson. Eric@ena, goy>

Sent: Wednesday, September 11, 2019 12:00 PM

To: Christ, Lisa <Christ. Lisai@epa.gov>

Subject: RE: draft summary of perchlorate public comments

Thanks Lisa this breakdown is helpful but it pointed out to me that the 109 extensive and substantive letters don’t all

appear to be summarized.
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| think there isn’t a need to organize the commenters by organization type and there are some groups that are hard to
categorize (i.e. we have ACWA as a regulated stakeholder but AWWA is a trade organization when the both represent
drinking water utilities) | also think there is redundancy in the summary of the comments that | tried to eliminate in the

attached.

Can the team take a look and see if there are organizations that have submitted extensive and substantive comments
that we have not listed and if so please list them in the categories of support that are in the attached.

From: Christ, Lisa

Sent: Wednesday, September 11, 2019 7:46 AM

To: Burneson, Eric <Burneson.Eric@epa.gov>

Subject: FW: draft summary of perchlorate public comments

Revised

From: Hernandez-Quinones, Samuel <Harnanderz Samuel@ena gov>
Sent: Tuesday, September 10, 2019 4:04 PM

To: Christ, Lisa <Christ. Lisa@epa.gov>

Subject: RE: draft summary of perchlorate public comments

Hi Lisa,

Here is a revised version which incorporates previously suggested edits.

¢ We received 6 comment letters in support of the proposed rule at 56 ppb.

¢ | cannot categorically confirm that the mass mailing campaign was organized by any group, so | am

removing that designation from the summary document.
¢ From the individual substantive letters

o 1 supports withdrawal option

o 1 supports 90 ppb option

o 6 support 18 ppb option

o 23 support regulation at a stricter level than 18pbb
Thanks
Sam

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Christ, Lisa <Christ. Lisafepa.gov>

Sent: Tuesday, September 10, 2019 1:44 PM

To: Hernandez-Quinones, Samuel <Hernandez Samuel@epa.goy>
Subject: FW: draft summary of perchlorate public comments

Hi Sam,
As follow up can you please:
- Confirm we did not get support for regulation at 56 ppb
- Confirm if NRDC is mentioned as the originator of the mass campaign
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- Count the 88 individual comments that 1- support withdrawal, 2- support regulation (at any concentration).
Let me know if you have questions
Thanks,
Lisa

From: Burneson, Eric <Burneson.Erici@epa.gov>

Sent: Tuesday, September 10, 2019 1:30 PM

To: Christ, Lisa <Chwist. Lisai@epa.gov>

Cc: Hernandez-Quinones, Samuel <Hernandez Samuel@epa.gzov>; Khera, Rajiv <kKhera Raliv@spa.gov>; Newcamp,
Caitlin <MNewcamp.Caitlint@epa.gov>; Lombardi, Thomas <iombardi.thomas@epa.gov>; Alattar, Zaineb

<alabtar raineh@epa.gov>; HUff, Lisa <Huif. Lisa@epa.goy>

Subject: RE: draft summary of perchlorate public comments

Also There are three categories of commenters presented
1. Support withdrawal
2. Support a stricter than proposed standard
3. Neutral
Does this mean there were no commenters in support of the proposed MCLG/MCL?

From: Burneson, Eric

Sent: Tuesday, September 10, 2019 1:27 PM

To: Christ, Lisa <Christ Lisai@ena.gov>

Cc: Hernandez-Quinones, Samuel <Hernandez. Samuel@epa.zov>; Khera, Rajiv <Bhera Raiiviepa. zov>; Newcamp,
Caitlin <Mewcamp. Ceitlin@epa.gow>; Lombardi, Thomas <igmbardi.thomas@spasov>; Alattar, Zaineb
<alattar.zaineb@®spa.gov>; HUff, Lisa <Huif. Lisa@epa.gov>

Subject: RE: draft summary of perchlorate public comments

Thanks Lisa: My only comment is that unless the comment campaign letters clearly state they are submitting comments
organized by NRDC or there is public information from NRDC clearly stating that they organized a comment campaign
we should not attribute the campaign to them.

Eric

From: Christ, Lisa

Sent: Tuesday, September 10, 2019 12:27 PM

To: Burneson, Eric <Burnsson. Eric@enagov>

Cc: Hernandez-Quinones, Samuel <Hernandez Samuel@epa.gzov>; Khera, Rajiv <kKhera Raliv@spa.gov>; Newcamp,
Caitlin <MNewcamp. Caitlindlepa.gov>; Lombardi, Thomas <lombardithomas@epa.gov>; Alattar, Zaineb
<alabtarzaineh@epa.gov>; HUff, Lisa <Huif. Lisa@epa.goy>

Subject: draft summary of perchlorate public comments

Eric,

Attached is a high level summary of the public comments received on the perchlorate proposal. OGC requested a
summary to prepare the notice to the court requesting an extension of the consent decree final rule deadline. Let me
know if you have questions or would like to discuss.

Lisa

Lisa Christ
Chief, Targeting and Analysis Branch
Office of Ground Water and Drinking Water
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Message

From: Khera, Rajiv [Khera.Rajiv@epa.gov]

Sent: 2/25/2020 8:28:14 PM

To: Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]
CC: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: Draft Perchlorate Compendium HRRCA sections 8-1 to 8-4 rk

Attachments: Draft Perchlorate Compendium HRRCA sections 8-1 to 8-4 rk.docx

Hi Sam-The attached has responses to all HRRCA and Treatment comments (sections 8.3 and 8.4) including a general
response for the entire HRRCA section (start of 8.3) and responses to a few additional non-HRRCA sections (see
comments 8.1 and 9.13). Part of some of our responses need to be cross referenced to other responses that are being
developed by other team members, so for now those parts have been highlighted. Let me know if you have any
questions. Thanks

Rajiv
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov]
Sent: 9/10/2019 8:03:47 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: RE: draft summary of perchlorate public comments

Attachments: Perchlorate Comment Summary V2.docx

Hi Lisa,
Here is a revised version which incorporates previously suggested edits.

¢ We received 6 comment letters in support of the proposed rule at 56 ppb.
¢ | cannot categorically confirm that the mass mailing campaign was organized by any group, so | am
removing that designation from the summary document.
¢ From the individual substantive letters
o 1 supports withdrawal option

o 1 supports 90 ppb option

o 6 support 18 ppb option

o 23 support regulation at a stricter level than 18pbb
Thanks
Sam

Samuel Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Christ, Lisa <Christ.Lisa@epa.gov>

Sent: Tuesday, September 10, 2019 1:44 PM

To: Hernandez-Quinones, Samuel <Hernandez.Samuel@epa.gov>
Subject: FW: draft summary of perchlorate public comments

Hi Sam,
As follow up can you please:
- Confirm we did not get support for regulation at 56 ppb
- Confirm if NRDC is mentioned as the originator of the mass campaign
- Count the 88 individual comments that 1- support withdrawal, 2- support regulation (at any concentration).
Let me know if you have questions
Thanks,
Lisa

From: Burneson, Eric <Burneson.Ericfepa.gov>

Sent: Tuesday, September 10, 2019 1:30 PM

To: Christ, Lisa <Christ Lisai@ena.gov>

Cc: Hernandez-Quinones, Samuel <Hernandez Samuel@epa.zov>; Khera, Rajiv <Bhera Raiivieps. zov>; Newcamp,
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Caitlin <MNewcamp.Caitlint@epa.gov>; Lombardi, Thomas <iombardi.thomas@epa.gov>; Alattar, Zaineb
<alabtarzaineh@epa.pov>; HUff, Lisa <Huif. Lisa@epa.goy>
Subject: RE: draft summary of perchlorate public comments

Also There are three categories of commenters presented
1. Support withdrawal
2. Support a stricter than proposed standard
3. Neutral
Does this mean there were no commenters in support of the proposed MCLG/MCL?

From: Burneson, Eric

Sent: Tuesday, September 10, 2019 1:27 PM

To: Christ, Lisa <Christ Lisai@ena.gov>

Cc: Hernandez-Quinones, Samuel <Hernandez Samueli@epa.zov>; Khera, Rajiv <Bhera Raiivieps. zov>; Newcamp,
Caitlin <Mewcamp. Caitlin@epa.gow>; Lombardi, Thomas <igmbardi.thomas@spa.soy>; Alattar, Zaineb
<alattar.zaineb@®spa.gov>; HUff, Lisa <Huif. Lisa@epa.gov>

Subject: RE: draft summary of perchlorate public comments

Thanks Lisa: My only comment is that unless the comment campaign letters clearly state they are submitting comments
organized by NRDC or there is public information from NRDC clearly stating that they organized a comment campaign
we should not attribute the campaign to them.

Eric

From: Christ, Lisa

Sent: Tuesday, September 10, 2019 12:27 PM

To: Burneson, Eric <Burnsson. Eric@enagov>

Cc: Hernandez-Quinones, Samuel <Hernandez Samuel@epa.zov>; Khera, Rajiv <kKhera Raliv@spa.gov>; Newcamp,
Caitlin <MNewcamp. Caitlindlepa.gov>; Lombardi, Thomas <iombardithomas@epa.gov>; Alattar, Zaineb
<alabtarzaineh@epa.gov>; HUff, Lisa <Huif. Lisa@epa.goy>

Subject: draft summary of perchlorate public comments

Eric,

Attached is a high level summary of the public comments received on the perchlorate proposal. OGC requested a
summary to prepare the notice to the court requesting an extension of the consent decree final rule deadline. Let me
know if you have questions or would like to discuss.

Lisa

Lisa Christ

Chief, Targeting and Analysis Branch

Office of Ground Water and Drinking Water
202-564-8354
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 5/15/2020 9:03:15 PM

To: MclLain, Jennifer L. [McLain.Jennifer@epa.gov]

CC: Christ, Lisa [Christ.Lisa@epa.gov]; Hernandez-Quinones, Samuel [Hernandez.Samuel@epa.gov]; Tiago, Joseph
[Tiago.Joseph@epa.gov]; Guilaran, Yu-Ting [Guilaran.Yu-Ting@epa.gov]

Subject: Notice of Final Action on Perchlorate

Attachments: Draft Perchlorate Final Action FR Notice 5-15-20 v1 Redline (002).docx; Draft Perchlorate Final Action FR Notice 5-15-
20 vl1.docx; Perchlorate Action Memo 5-15-20.docx; Transmittal Memo JM to DR 5-15-20.docx

Jennifer

Attached for your approval and transmittal to the Office of Water for their approval and transmittal to the
Office Policy for initiation of interagency review is a Federal Register notice titled: “Notice of Final Action on
Perchlorate.” Also attached for your review are a draft transmittal memo from you to the Assistant
Administrator of Water, a draft Action Memorandum and a track changes version of the FR notice that
denotes the changes made as a result of Final Agency Review.

On February 11, 2011, the EPA published a determination to regulate perchlorate in drinking water (76 FR
7762). On June 26, 2019 (84 FR 30524}, the EPA published the proposed National Primary Drinking Water
Regulation for Perchlorate and requested public comments on multiple alternative actions, including
withdrawing the 2011 determination to regulate perchlorate. The EPA received approximately 1,500
comments on the proposed rule. In the attached notice, the EPA is withdrawing the 2011 Regulatory
Determination and is making a final determination not to regulate perchlorate based on the Agency’s
consideration of public comments and the best available information.

| recommend that you approve and transmit the attached notice to the Office of Water for their review,
approval and transmission to the Office of Policy to initiate interagency review in accordance with Executive
Order 12866. If you need additional information or have questions pertaining to any aspect of this notice,
please call me or have your staff contact Samuel Hernandez at 202-564-1735.

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 1/7/20208:22:31 PM

To: Mclain, Jennifer [Mclain.Jennifer@epa.gov]; Wehling, Carrie [Wehling.Carrie@epa.gov]

CC: Wendelowski, Karyn [wendelowski.karyn@epa.gov]; Hernandez-Quinones, Samuel [Hernandez.Samuel @epa.gov];

Khera, Rajiv [Khera.Rajiv@epa.gov]; Christ, Lisa [Christ.Lisa@epa.gov]; Huff, Lisa [Huff.Lisa@epa.gov]; Tiago, Joseph
[Tiago.Joseph@epa.gov]; Guilaran, Yu-Ting [Guilaran.Yu-Ting@epa.gov]

Subject: Revised Perchlorate Briefing

Attachments: Option Selection for Perchlorate 1-9-20v1.docx

Jennifer and Carrie:
Attached for your review and comment is a revised Perchlorate Option Selection briefing that reflects the direction |

heard in the discussion today including;

Ex. 5 Deliberative Process (DP)

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250
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Message

From: Hernandez-Quinones, Samuel [Hernandez.Samuel@epa.gov]
Sent: 1/28/2020 10:31:39 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

Subject: RE: FOR REVIEW: Perchlorate Reductions

Attachments: Redline - Reductions of Perchlorate in Drinking Water 1-28-20 v1.docx

Hi Lisa,
Here is the revised version. Let me know if you have any comments or if you would like to discuss.

Thanks
Sam

Samue! Hernandez Quifiones, P.E.
Environmental Engineer

Office of Water

Environmental Protection Agency
1200 Pennsylvania Ave. NW
Washington, DC 20460
202-564-1735

"USEPA Protecting Human Health and the Environment"

From: Christ, Lisa <Christ.Lisa@epa.gov>

Sent: Tuesday, January 28, 2020 2:48 PM

To: Hernandez-Quinones, Samuel <Hernandez.Samuel@epa.gov>
Subject: FW: FOR REVIEW: Perchlorate Reductions

Importance: High

Sam — confirming you’re addressing these?

From: Mclain, Jennifer L. <} clain dennifer@epa.gov>

Sent: Tuesday, January 28, 2020 2:33 PM

To: Christ, Lisa <Christ. Lisa@epa.gov>

Cc: Tiago, Joseph <¥izgn. Joseph@epa.gov>; Wadlington, Christina <Wadlington. Christina@epa.gov>; Burneson, Eric
<Burneson.Eric@epa.gov>; Rodgers-Jenkins, Crystal <Rodgers-lenkins Crystal@epa.gov>; Hernandez-Quinones, Samuel
<Hernandez Samuel@epa.gov>; Guilaran, Yu-Ting <Guilaran Yu-Ting @epa, gow>

Subject: RE: FOR REVIEW: Perchlorate Reductions

Lisa & team — My additional edits are attached. | will stop by to discuss later today.

Thanks
Jennifer

From: Christ, Lisa <{hirist. Lisai@epa.gov>

Sent: Monday, January 27, 2020 11:23 AM

To: Mclain, Jennifer L. <}Mclain Jennifer@epagov>

Cc: Tiago, Joseph <Tiago. Jusaph@epa.sov>; Wadlington, Christina <Wadlington. Christine@spa.gov>; Burneson, Eric
<Burneson.Erict@ena sov>; Rodgers-Jenkins, Crystal <Rodgers-lankins. Crystal@epa. gov>; Hernandez-Quinones, Samuel
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<Hernander Samuel@epa.zov>
Subject: RE: FOR REVIEW: Perchlorate Reductions

Jennifer,
We have revised the draft document to address your edits/comments. There are a few places where we’ve replied in
the comment bubbles. Let us know if you’d like to meet to discuss or if you have further edits/comments/questions.

Thank you,
Lisa

From: Mclain, Jennifer <}clain Jennifer@ena gov>

Sent: Thursday, January 23, 2020 5:45 PM

To: Christ, Lisa <Christ.Lisa@epa.gov>

Cc: Tiago, Joseph <Tiago. Josephi@epa.gov>; Wadlington, Christina <\Wadlington. Christina@epa.gow>; Burneson, Eric
<Burneson. Eric@epa.gov>; Rodgers-Jenkins, Crystal <Rodgers-lenkins.Crvstal@epa.gov>; Hernandez-Quinones, Samuel
<Hernander Samuel@epa.zov>

Subject: RE: FOR REVIEW: Perchlorate Reductions

Thank you all for pulling this information together so quickly. The attached includes a number of comments, primarily
around whether we have more information. | recognize that there are probably many instances where we just don’t
have anything else but | think there are a few places where we could find additional information. I'm happy to discuss.

Jennifer

From: Christ, Lisa <Christ. Lisa@epa.gov>

Sent: Wednesday, January 22, 2020 4:49 PM

To: Mclain, Jennifer <BAciain. lennifer@epa.gov>

Cc: Tiago, Joseph <Tiago Josephi@ena, sov>; Wadlington, Christina <Wadlington.Christine@spa.gov>; Burneson, Eric
<Burneson. Erici® epa gov>; Rodgers-Jenkins, Crystal <Rodgers-lenkins. Crystal@epa.gov>; Hernandez-Quinones, Samuel
<HernanderSamuselBepa.gov>

Subject: RE: FOR REVIEW: Perchlorate Reductions

Jennifer,

Attached is the second document requested during option selection. There are 5 PWSs of the 15 we identified as having
UCMRL1 results >18ppb that have not responded to our request for updated information. They are highlighted in yellow.
We will continue to try, but | wanted to get this to you sooner rather than later.

Let us know if you have questions, concerns or need additional information.

Lisa

From: Christ, Lisa

Sent: Wednesday, January 22, 2020 11:42 AM

To: Mclain, Jennifer <{iciain. lenniferfepa.gsov>

Cc: Tiago, Joseph <Tizgo. Joseph@epa gov>; Wadlington, Christina <Wadlington. Christina@epa.gov>; Burneson, Eric
<Burneson. Eric@epa.gov>; Rodgers-Jenkins, Crystal <Rodusrs-fenkins Crystal@epa.gov>; Hernandez-Quinones, Samuel
<Hernandez Samuel@epa.gov>

Subject: FOR REVIEW: Perchlorate Recommendations for PWSs

Jennifer,
During option selection on 1/9 with Administrator Wheeler, he requested OGWDW prepare two documents:
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1. Recommendations for PWSs that may be concerned about perchlorate in drinking water (attached)

2. Reductions in perchlorate levels and actions to reduce levels since UCMR1 {pending)
For your review is document #1, which incorporates edits from Eric and Christina. We are working on document #2 and
should have a draft for your review soon.

Let us know if you have questions, concerns or need additional information.
Lisa
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Message

From: Burneson, Eric [Burneson.Eric@epa.gov]

Sent: 1/3/20206:03:12 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]

CC: Hernandez-Quinones, Samuel [Hernandez.Samuel@epa.gov]; Khera, Rajiv [Khera.Rajiv@epa.gov]; Rodgers-Jenkins,
Crystal [Rodgers-fenkins.Crystal@epa.gov]

Subject: Perchlorate briefing

Attachments: Option Selection for Perchlorate 12-20-19v4.docx

Lisa:

| received comments from Jennifer on the perchlorate briefing and the attached reflects those comments. The most
significant ask is to present the total population vs protected population breakdown as shown on page 4. Let me know if
you have any concerns or if it is not possible to make the requested changes before noon on Monday. Thanks

Eric Burneson, P.E.

Director of Standards and Risk Management
Office of Ground Water and Drinking Water
U.S. Environmental Protection Agency

202 564 5250
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Message

From: Khera, Rajiv [Khera.Rajiv@epa.gov]
Sent: 8/28/2019 6:43:20 PM

To: Christ, Lisa [Christ.Lisa@epa.gov]
Subject: FW: Post-closing docket update

Attachments: 0158.pdf; 0169.pdf; 0161.pdf; 0242.pdf; 0236.pdf; 0239.pdf; 0241.pdf; 0243.html; 0247.pdf; 0248.pdf; 0249.2.pdf;
0249.pdf; 0249.1.pdf

FYl

From: Geraldine Camilli <gcamilli@horsleywitten.com>

Sent: Tuesday, August 27, 2019 4:59 PM

To: Hernandez-Quinones, Samuel <Hernandez.Samuel@epa.gov>

Cc: Khera, Rajiv <Khera.Rajiv@epa.gov>; Ashley Pasakarnis <apasakarnis@horsleywitten.com>
Subject: Post-closing docket update

Hi Sam,

Below is an update to the perchlorate docket with public comments posted as of this morning. Given that the docket
closed yesterday, there will likely be more comments posted over the coming days, and we will keep you updated.

Of the 59 comments posted by the docket so far, the following were submitted by commenters other than the general
public — copies of the letters are attached:
1. Salt River Pima-Maricopa Indian Community (SRPMIC) et al. (Doc. #0158)
Water Resources Department, Tohono O’odham Nation (Doc. #0161)
El Paso Water (Doc. #0169)
Massachusetts Department of Environmental Protection (MassDEP) (Doc. #0236)
Association of Metropolitan Agencies (AMWA) (Doc. #0239)
Metropolitan Water District of Southern California (Doc. #0241)
Division of Scientific Programs, California Office of Environmental Health Hazard Assessment (OEHHA) (Doc.
#0242)
8. Innovative Water Care, LLC (Doc. #0243)
9. Environmental Protection Network (EPN) (Doc. #0247)
10. Association of State Drinking Water Administrators (ASDWA) (Doc. #0248)
11. Natural Resources Defense Council (NRDC) (Doc. #0249, and its two attachments 0249.1 and 0249.2)

No ke wN

We anticipate there will be at least once mass mailing campaign, but have not seen any officially posted by the docket
yet.

In terms of numbers, please note that:
¢ The comment count on regulations.gov is 1,280, only 59 of which have been posted so far.
e As far as we can determine, the docket has “parked” about 1,400 letters for further evaluation, and we
anticipate that most of those will be modified mass mailers.
e There are also another 20 or so pending various levels of docket review.
e Comment numbers at this time are in draft form (hence why they don’t add up), but hopefully this gives you a
better sense of what is coming.

Please let us know if you have any questions about the above, or would like additional information.

Kind regards,
Geraldine
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Geraldine Comilly, PLE, | Projot Manager — Havironmenial Eng
Horsley Witten Group
a0 B Uit 4
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SALT RIVER
PIMA~MARICOPA INDIAN COMMUNITY

10005 East Osborn Road / Scottsdale, Arizona 85256

The Salt River Pima-Maricopa Indian Community’s (SRPMIC or Community)
Community Development Department’s (CDD) Environmental Protection and
Natural Resources (EPNR) Division in conjunction with the SRPMIC Office of
the General Counsel (OGC) have reviewed the information on the proposed
National Primary Drinking Water Regulation (NPDWR) for perchlorate in order
to establish a Maximum Contaminant Level (MCL) and a health-based Maximum
Contaminant Level Goal (MCLG) at 56 micrograms per liter. SRPMIC staff
disagrees with the proposed 56 micrograms per liter and our comments and
questions are below in regards to the three alternative regulatory options.

e An MCL and MCLG for perchlorate set at 18 micrograms per liter.

While an MCL of 18 micrograms per liter may be attainable for most Public
Drinking Water Systems, it does not make that a safe number. If a
recommendation must be made, then this number may be tentatively acceptable
for now until additional, more thorough, scientific investigations are completed.
There are numerous states that have already adopted lower limits (e.g. California 6
micrograms per liter MCL, and lowa 4.9 micrograms per liter), and have done so
while taking into consideration the multiple sources of perchlorate in which the
public are exposed. The studies completed (according to EPA June 12, 2019
online PPT presentation “National Primary Drinking Water Regulation for
Perchlorate: Proposed Rule” and Section III of the proposed rule document),
arrive at the proposed numbers, but do not account for contaminated food
(Jackson W.A., Joseph P., Laxman P., Tan K., Smith PN, and Yu L., et

al. Perchlorate accumulation in forage and edible vegetation. J Agric FF'ood
Chem 2005: 53: 369-373.), soil, air, and occupational exposure (unless it is
unclear).

The Community questions whether the studies that EPA used to determine their
proposed levels are accurate or sufficient enough to arrive at a “real, health-based”
decision considering the disparity between the proposed numbers and some state
numbers. Methodology and data from states with adopted levels should have been
considered in EPA’s decision, as should have studies on animals, and in people
with thyroid problems.

Have there been any peer-reviewed, published studies on perchlorate using
animals? If not, can resources be gathered from different sources (research
institutions, federal agencies, etc.) to conduct these types of studies in order to

ED_005043_00078927-00001



arrive at a more defensible “health-based” number? These tests would need to
examine different exposure levels over time, and consider multiple age groups
(not just based on interviews and surveys). Are studies currently being initiated on
people with thyroid problems that reside in areas close to sources of perchlorate
contamination? Can studies be done to follow the medical history of patients that,
as of now, are found to have high levels of perchlorate in urine, in order to learn
more about thyroid disruption, other possible health effects, and continuous long-
term exposure, etc. (similar to “Perchlorate Exposure of the US Population, 2001-
20027 from the Journal of Exposure Science and Environmental Epidemiology)?
Can funds also be used to research the presence and effects of perchlorate in
infants and children below the age of 6 years old? Did EPA look at the FDA’s
“Exploratory Survey Data on Perchlorate in Food 2004-2005” in its determination
of a “health-based” level?

An MCL and MCLG for perchlorate set at 56 or 90 micrograms per liter.

A proposed MCL of 56 or 90 micrograms per liter has a large disparity from a
number of state standards and proposed state standards (e.g. California,
Massachusetts, Vermont, Maryland, and Arizona’s Regional Screening Level). It
would therefore be absurd to set an MCL and MCLG this high for perchlorate
when states have already determined that their public water systems are able to
clean to a safer level.

Withdrawal of the Agency’s 2011 determination to regulate perchlorate in
drinking water, which was a reversal of the 2008 preliminary determination to not
regulate perchlorate.

Withdrawal of regulation will only encourage the industry to abandon any
preventative measures to contain current contamination. Withdrawal will allow
the industry to continue to manage their waste on a case by case basis.

The Community, and similarly, other Tribal nations, rely on the EPA requirements
and standards to support our efforts to keep Tribal waters safe from environmental
health hazards. The agency’s guidance/regulation may also help Tribal nations
enforce possible contamination in the absence of existing local environmental
rules and regulations (which could take some years to achieve). Native American
communities already have a higher diabetes prevalence, according to “Traditions
and Diabetes Prevention: A Healthy Path for Native Americans” from the
American Diabetes Association. Having diabetes prevalence and possible
exposure to perchlorate, which affects the thyroid, would only place the
Community at a higher health disadvantage. Furthermore, Native American
communities may not always have the resources to provide proper medical
assistance, and already experience environmental injustice (equaling greater
negative effects from contamination) based on where reservations are located. In
conclusion, it is in the best interest of the Community and its members to expect
and follow the most stringent and protective drinking water regulations in order to
protect a health-wise vulnerable population.
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Tohono O’odham Nation

Water Resources Department
PO Box 10
Sells, Arizona 85634
Phone: (520) 383-2362 Fax: (520) 383-5563

July 26, 2019

Samuel Hernandez

Office of Ground Water and Drinking Water
Standards and Risk Management Division
Environmental Protection Agency

These comments address the US Environmental Protection Agency (EPA) proposed
National Primary Drinking Water Regulation for perchlorate to establish a Maximum
Contaminant Level (MCL) and a health-based Maximum Contaminant Level Goal
(MCLG) at 56 micrograms per liter (ug/l) (May 23, 2019). The current Interim Drinking
Water Health Advisory level for perchiorate is 15 ug/l. The EPA refused to use all its
scientific evidence that perchlorate (a neurotoxin) can affect neurodevelopment and
intelligence guotient (IQ) in children’. This scientific information may have produced a
proposed MCL and MCLG lower than 15 ug/l. The EPA’s new proposed rule of 56 g/t
does not provide adequately protection to unborn children in the first trimester of
pregnancy.

The EPA is seeking comments on three alternative regulatory options in its new
proposed rule?:

1. An MCL and MCLG for perchlorate set at 18 micrograms per liter.

2. An MCL and MCLG for perchlorate set at 90 micrograms per liter.

3. Withdrawal of the agency's 2011 determination to regulate perchlorate in drinking
water.

Prior to the new proposed rule of 56 ug/l, many environmental scientists believed that
the EPA was moving towards protecting a mother’'s perchlorate exposure in the first
trimester from fetal harm?®.

The EPA abruptly changed course by altering its decision in three significant ways®:

1. Rejecting five epidemiology studies showing harm at even lower
exposure levels in favor of one 1Q study 4.

2. Choosing an MCL that allows an 1Q) loss of 2 points even though
the study showed a 1 point loss was statistically significant.

3. Dismissing an alternative, population-based method that the
EPA (2017) once supported that reinforces the need for a more
protective standard.
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The Tohono O'odham Nation Water Resources Department (Department) believes that
EPA’s refusal to use all of its scientific evidence and its proposed MCL and MCLG of 56
ugl/t lessens the Safe Drinking Water Act’s ability to protect the public, especially the
unborn and newborn, from adverse effects3°.

The Department believes the EPA is required to protect children from any harm to their
brain development from perchlorate exposure during the first trimester; it is their duty
and responsibility. The Department also believes the EPA’s negligence in using one
study to help deregulate parts of the Safe Drinking Water Act in favor of industry is not
fair and reckless to the long term health of all Americans.

The true test for whether any MCL for perchlorate is safe will always be: If it was your
wife and our unborn child being exposed, would you feel confident in giving them water
with any amount of perchlorate.

The Department supports a perchlorate MCL and MCLG lower than the current 15 g/l

Respectfully yours,

Aog
ey pellegass

Selso Villegas
Director, Water Resources Department
Tohono O’odham Nation
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August 2, 2019

The Honorable Andrew Wheeler
Adminisirator

Environmental Protection Agency
1200 Pennsylvania Avenue, N.W,
Washington, D.C. 20460

Prear My, Wheeler:

I want to thank you for the opportunity to comment on the Environmental Protection Agency’s
proposed rulemaking on perchlorate levels in drinking water, From our perspective, opportunities
such as this are highly valuable in allowing public water utilities to contribute in a meaningful way
to the development of sound policy that protects public drinking water resources.

Based on the EPA’s chosen neurodevelopmental endpoints and the occurrence of perchlorate at
the three given MCLs/MCLGs in drinking water systems, El Paso Water agrees with the EPA’s
determination that due to the low occurrence of perchlorate nationwide, this particular proposal
does not present a meaningful opportumty for health risk reduction as is laid out in the Safe
Drinking Water Act (SDWA).

In short, we believe this to be a solution in search of a problem. With national detection levels at
less than two percent {and readings for the majority of tests were well below these thresholds), the
frequency of cecuryence is simply not sufficient to impose a regulatory burden on the vast majority
of public water systems, including our own at El Paso Water.

In our own experience in El Paso, Texas, we have reviewed sampling records dating back to 2005.
Of more than 750 samples for perchlorate, we had only one detection, which was at 17 micrograms
per liter, far below the proposed regulatory levels. It was determined that this was naturally
oceurring perchlorate, yet because of this determination, additional sampling would he required
across the system despite the single finding, While we currently have the in-house instrumentation
to monitor for perchlorate, there is a cost attached for each time the sample goes through laboratory
analysis, which is substantial at §25 per sample multiplied by 50 wells {imes the frequency of
sampling

Even though our one reading was far below regulatory threshold, depending on the nature of the
regulations put m place, Granular Activated Carbon (GAC) filtration might be required at the one
well that produced the detection. At an estimated cost of $200,000 for the installation of a GAC
filtration vessel, it may be more advantageous to abandon the well altogether.
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EPWater also agrees with the EPA’s statement on the cost-benefit analysis that, based on the
parameters laid out by EPA and SDWA, the benefits do not justify the costs. We believe that our
limited resources are better used elsewhere,

We support the EPA’s efforts to continue periodic monitoring, research and modeling — especially
in targeted areas with high detections of perchlorate to understand causes and provide guidance to
states on any increasing levels that may warrant further evaluation of any public health impacts.

Sincerely,

President & CEO
El Paso Water
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Commonwealth of Massachusetts
Executive Office of Energy & Environmental Affairs

Department of Environmental Protection

One Winter Street Boston, MA 02108 «617-292.5500

Charles D. Baker Kathleen A. Theoharides .
Governor Secretary
Karyn E. Polito ‘ Martin Stuberg
Lieutenant Governor ‘ Commissicner

United States Environmental Protection Agency
Office of Water

1200 Pennsylvania Ave. NW

Washington DC 20460

8/22/2019

Uploadéd through www.regulations.gov; Docket 1D No. EPA-HQ-OW-2018-0780.
Comments Regarding National Primary Drinking Water Regulation for Perchlorate

The Massachusetts Department of Environmental Protection (MassDEP) appreciates the opportunity to
comment on the United State Environmental Protection Agency’s (USEPA) federal registef notice
entitled National Primary Drinking Water Regulations: Perchlorate: A Proposed Rule, Docket ID No. EPA-
HQ-OW-2018-0780.

Perchiorate has been a priority drinking water contaminant issue for MassDEP for over a decade. In
2006 MassDEP adopted a drinking water standard or maximum contaminant level (MCL) of 2
micrograms per liter {ug/L) for perchlorate. This MCL was promulgated to address perchlorate toxicity to
the developing fetal and infant brain. MassDEP has successfully implemented this standard since that
time. ’

After nearly 21 years of assessment, USEPA is recommending a national MCL of 56 ug/L for perchlorate.
This proposed limit is based on the output of a complex and uncertain computer model, and accepts an
IQ loss of 2% among those exposed to perchlorate at this level. USEPA has requested comment on
whether the target of acceptable 1Q loss should instead be based on a 1% or 3% I1Q loss, or whether the
agency should conclude that no standard is warranted.

MassDEP disagrees with all of these options. Perchlorate has been shown to disrupt thyroid function
through at least one mechanism of action involving inhibition of iodide uptake in the thyroid. Extensive
human data demonstrates that chemical and physiological conditions that disrupt normal thyroid
function can cause a range of adverse health effects. The developing neurological system in the fetus
and infants is particularly sensitive to thyroid disruption. Considerable evidence from laboratory

This information is available in aiternate format. Contact Michelle Waters-Ekanem, Dirgctor of Diversity/Clvil Rights at §17-292-5751.

TTY# MassRelay Service 1-800-439-2370
MassDEP Website: www.mass.gov/dep

Printed on Recycled Paper

ED_005043_00078930-00001




experiments on animals and human epidemiological studies have reported perchlorate effects on the
thyroid and on measures of neurological development.

MassDEP is alarmed that USEPA would consider a 2% or 3% 1Q decrement, attributabile to exposure of
the fetus to a singfe contaminant in drinking water, as an acceptable health based target. Of the options
presented, a 1% 1 decrement should be the maximum consid‘ered, which would be consistent with
USEPA guidance, and which is also noted in the Federal Register Notice. The notice states that “(a) BMR
[benchmark response] of 1% has typically been used for quantal human data from epidemioclogy

- studies”. To our knowledge there is no regulatory precedent for determining that the 1Q effect levels of
2-3% are acceptable. indeed this policy decision is inconsistent with conclusions of the USEPA’s Clean
Air Scientific Advisory Committee (CASAC) in its consideration of the National Ambient Air Quality
Standard {NAAQS) for lead, another neurctoxin, and with an assessment completed by the California
Office of Environmental and Human Health Assessment {(OEHHA) regarding lead in drinking water.
Specifically, USEPA’s CASAC concluded that a “population loss of 1-2 1Q points is highly significant from a
public health perspective” (hitps://www.epa.gov/sites/production/files/2016-

03/documents/finalrule _20081015presentation.pdf ). Similarly, QEHHA chose a change of 1 1Q point as
a benchmark target in a derivation of a health guidance value for lead in drinking water for use in health .
risk assessments at school sites.

MassDEP also wishes to emphasize a point appropriately noted in USEPA's documentation, that IQis an’
incomplete measure of neurctoxicity and does not reflect other adverse outcomes, including various
behavioral effects, associated with perchiorate exposure. These adverse outcomes can have highly
significant impacts on individuals and society. This concern is reinforced in the USEPA Federal Register
notice in Table 11I-2, which lists measures of neurclogical effects that are more sensitive to perchlorate
than 1Q. Some of the other effects associated with thyroid hormone deficits, as noted by USEPA in the
Federal Register Notice, include ADHD, autism, and delayed cognitive develocpment, among others.
These end points represent significant potential for compromised health outcomes and negative public
health measures that should be more robustly addressed.

USEPA has derived three alternative toxicity values (reference doses or RfDs) for perchlorate based on
"acceptable” modeled iQ losses of 1, 2 or 3%. RfDs are an estimate of a daily exposure to the human
population {including sensitive subgroups) that is likely to be without an appreciable risk of deleterious
effects during a lifetime. '

In its discussion of the proposed RfD options in the Federal Register, USEPA acknowledges numerous
uncertainties inherent in its derivation of these values. These uncertainties are attributable to the many
limitations of the complex biologically based dose response {BBDR} model used, and deficiencies in the
data USEPA relied upon to predict perchlorate 1Q loss. While MassDEP acknowledges that the BBDR
model represents an advance that will help scientists better understand thyroid function and the
potential effects of thyroid toxicants, it should be considered an experimental research tool with
uncertain predictive utility. Some of the uncertainties in the model and the overall database are
identified by USEPA in the Federal Register notice. The uncertainties USEPA identifies include:
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1) Relationship between exposure and outcome (“uncertainty in the relationship between
perchlorate exposure and subsequent neurodevelopmental outcomes”);

2) Limited toxicokinetic calibration data (“very few toxicokinetic calibration data are available for
the perchlorate to thyroid hormone relationship described in the BBDR model”);

3} incomplete understanding of iodine depletion / intake levels and TSH compensation (“aspects
such as competitive inhibition at the sodium / iodide symporter (NIS), depletion of iodide stores
under different iodine intake levels and physiclogical states, and the ability of the Thyroid
Stimulating Hormone {TSH) feedback loop to compensate for perturbations in thyroid function
each have their own uncertain features”);

‘4) Incomplete understanding of maternal free Thyroxine (fT4} level impacts on IQ and several
factors impacting this refationship (“uncertainties linking maternal fT4 levels to 'offspring
1Q....(which} include the population for which dose-response information is available {i.e., no
study is U.S. based), a lack of study information on the iodine intake status for the population
for‘wh_ich the dose-response information is available, uncertainties around the methods used to
assess maternal fT4 measurement during pregnancy, and uncertainties related to the true
distribution of fT4 for a given iodine intake”; _

5) Incomplete understanding of infant thyroid levels and outcomes (“.....some uncertainty due to
the lack of information tinking incremental changes in infant thyroid hormone levels to adverse
neurodevelopmental outcomes”); ,

6} Incomplete understanding of fetal thyroid development after the first trimester (“this analysis '
is assuming that protecting a first trimester fetus from alterations in maternal fT4 will protect
the fetus throughout pregnancy” and “there is some uncertainty about the impact perchlorate
may have on the fetal thyroid gland, and subsequent neurodevelopmental impacts, in later
trimesters of pregnancy”}.

Although USEPA’s materials present a daunting compilation of uncertainties, its fist is not complete.
USEPA’s approach does not adequately account for data gaps relating to other potentially more
sensitive effects. Neither does USEPA’s approach address the fundamental uncertainty regarding
perchlorate’s mode of action, which may involve additional mechanisms such as effects on
organification and thyroid hormone transport, in addition to competitive inhibition at the sodium iodide
symporter {NIS).

Toxicologists generally account for uncertainties such as these by applying uncertainty factors {UFs) in
the derivation of RfDs. By convention and USEPA guidance, an UF of either 3 or 10 is applied to account
for uncertainty in sensitivities and another factor of 3 or 10 to account for data gaps that might lead to
an underestimate of effects. Despite the extensive list of highly significant uncertainties noted above,
the USEPA applied a total UF of only 3 in its RfD derivations claiming this as sufficient to “account for the
uncertainties in modeling the impacts of perchlorate ingestion on the thyroid hormone levels for
pregnant mothers with low iodide intake, and the uncertainties in predicting the neurodevelopmentai
effects of these thyroid hormone changes on their children”. MassDEP does not agree that this is
sufficient. Given the range of USEPA’s acknowledged uncertainties in multiple areas, as well as
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additional uncertainties not addressed related to perchlorate’s mode of action, an UF of 10 should be
_ the minimum value appiied and a factor of 30 could easily be justified.

If an UF of 10 is used with the USEPA proposed allowable 1Q loss of 1%, a revised RfD of 0.31 ug/kg-day
results, USEPA’s perchlorate intake from food, derived as described in the Federal Register Notice,
equals 0.45 ug/kg-day. This exceeds the more appropriate RfD alternative derived above {0.31 ug/kg-
day). Using the more appropriate RfD of 0.31ug/kg-day and the USEPA default relative source
contribution {RSC} facter {the fraction of the RfD allowed to come from drinking water) of 20% to derive
an appropriate drinking water value, the result equals 1.9 ug/L. This value is much lower that the
proposed MCL, and is ¢lose to the maximum contaminant level adopted by and implemented in
Massachusetts. A

In conclusion, MassDEP does not support USEPA’s proposed options for addressihg perchlorate in
drinking water, which are likely to allow for significant adverse public health impacts. An MCL should be
based on an assessment that fully addresses perchlorate’s toxicity and uses appropriate, health

~ protective uncertainty factors in its derivation. MassDEP urges the Agency to revise its proposal as
suggested. '

Sincerely,

("l

C. Mark Smith Ph.D., M.S,

]

/ .

N4

Director

Office of Research and Standards
617-292-5509 _
c.mark.smith@state.ma.us
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THE METROPOLITAN WATER DISTRICT
OF SDUTHERN CALIFORNIA

Office of the General Manager

August 23,2019

Mr. Samuel Hernandez

Office of Ground Water and Drinking Water

Standards and Risk Management Division (Mail Code 4607M)
Environmental Protection Agency

1200 Pennsylvania Avenue NW

Washington, DC 20460

Dear Mr. Hernandez:

Comments on Docket ID No. EPA-HOQ-OW-2018-0780, Proposed National Primary Drinking
Water Regulation for Perchlorate

The Metropolitan Water District of Southern California (Metropolitan) appreciates this opportunity
to comment on the U.S. Environmental Protection Agency’s (EPA) proposed National Primary
Drinking Water Regulation for perchlorate (84 Fed. Reg. 30524 (June 26, 2019), corrected 84 Fed.
Reg. 33045 (July 11, 2019)). Metropolitan is a regional water wholesaler whose primary purpose
is to provide its 26 member agencies with a safe and reliable water supply. Metropolitan imports
water from the Colorado River, as well as from the State Water Project, and delivers it to its
member agencies, which in turn directly or through their sub-agencies provide water to
approximately 19 million people in Southern California. The lower Colorado River is a major
drinking water source for not only Southern California, but also Arizona, Nevada, and northern
Mexico.

Metropolitan disagrees with the fundamental assumptions that underlie EPA’s proposed National
Primary Drinking Water Regulation for perchlorate. Under the Safe Drinking Water Act, EPA
should establish maximum contaminant levels (MCLs) for those contaminants that: 1) may have an
adverse effect on public health, 2) are known to or likely to occur at levels of public health
concern, and 3) in the sole judgment of EPA, regulation of the contaminant presents a meaningful
opportunity for health risk reductions for persons served by public water systems. In this regard,
Metropolitan offers the following comments:

700 N. Alameda Street, Los Angeles, California 90012 e Mailing Address: Box 54153, Los Angeles, California 30054-0153 e Telephone (213) 217-6000
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1. Metropolitan recommends that, in setting an MCL for perchlorate, EPA consider the health
effects data used for setting the MCLs and Advisory Levels for perchlorate by several
states, as well as the rationale for setting those standards.

2. Metropolitan has concerns with EPA’s underlying assumptions and analysis of national
occurrence data for perchlorate. First, EPA does not have an up-to-date accounting of
perchlorate contamination, either as a drinking water contaminant or from cleanup
activities. Second, EPA excluded perchlorate data from California and Massachusetts
which led to EPA’s proposed 18 pg/L, 56 pg/L, or 90 ug/L. MCL levels. Metropolitan
recommends that EPA reanalyze national occurrence data for perchlorate, including data
from California and Massachusetts.

Since the late 1990s, Metropolitan has been working to address perchlorate contamination of the
Colorado River. In September 2009, Metropolitan submitted comments on the Perchlorate
Supplemental Request for Comments (74 Fed. Reg. 41883 (Aug. 19, 2009)), emphasizing that a
determination by EPA to regulate perchlorate in drinking water would help support cleanup efforts
along the Colorado River and other contaminated sites. We continue to urge EPA to establish a
drinking water regulation for perchlorate that is protective of human health and prevents any
adverse impact to the Colorado River and the millions of users that rely upon it as a source of
drinking water supply. As such, Metropolitan ofters the following comments:

3. Metropolitan asks EPA to establish a drinking water standard for perchlorate that supports
the ongoing remediation efforts and target cleanup goals at two chemical manufacturing
facilities near Henderson, Nevada. Metropolitan, along with the Central Arizona Project
(CAP), Southern Nevada Water Authority (SNWA), and the Nevada Division of
Environmental Protection (NDEP), have been working cooperatively with EPA to address
this long-standing issue, and the continuation of remediation at these sites is of paramount
importance to the drinking water quality for the southwestern United States.

4. Metropolitan urges EPA not to withdraw its February 11, 2011, determination to regulate
perchlorate in drinking water. If EPA withdraws its intent to regulate perchlorate, drinking
water utilities in Nevada and Arizona which rely on Colorado River water could then have
higher levels of perchlorate in their source water. The impact on California drinking water
utilities would be even more significant because they may not be able to comply with
California’s existing maximum contaminant level (MCL) for perchlorate of 6 micrograms
per liter (ug/L) and could be exposed to additional litigation and potential liability.

These four comments are described in further detail below.

1. Metropolitan recommends that, in setting an MCL for perchlorate, EPA consider the
health risk assessment process used by other states such as California in establishing
MCLs and Adyvisory Levels for perchlorate. Metropolitan also recommends that EPA
consider the monitoring and compliance guidance provided by California and
Massachusetts in the development of their respective perchlorate drinking water
regulations.
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California’s MCL for perchlorate is 6 pg/L, effective October 2007. California’s MCL for
perchlorate is based on perchlorate’s health risks, its detectability and treatability, and the cost of
treatment. (Cal. Health & Safety Code § 116365(a), (b).) Thus, California considered many of the
same factors that EPA is analyzing. Metropolitan encourages EPA to review the agency
documents supporting California’s MCL and Public Health Goal (PHG) for perchlorate, including
the California Office of Environmental Health Hazard Assessment’s (OEHHA) Final Technical
Support Document for Perchlorate in Drinking Water (Feb. 2015) ! and California Department of
Public Health’s (DPH) Final Statement of Reasons, Perchlorate Primary Maximum Contaminant
Level (MCL), Title 22, California Code of Regulations (June 25, 2007)>.

In setting the MCL for perchlorate, California found that the occurrence data indicated both a
significant level of drinking water contamination and a potential for adverse health effects.”™ In
February 2015, OEHHA lowered the PHG for perchlorate from 6 pg/L to 1 ug/L based on new
research that focused on the effects of perchlorate on infants. The purpose of the reduced PHG of
1 ng/L is “to identify a level of perchlorate in drinking water that prevents perchlorate-related
reductions in thyroidal iodide uptake and subsequent decreases in thyroid hormone production that
may be associated with any of these adverse health effects.” (OEHHA, Final Technical Support
Document for Perchlorate in Drinking Water (Feb. 2015) at p. 158.) California Health and Safety
Code Section 116365(a) requires the California State Water Resources Control Board (State Water
Board) to set a primary drinking water standard for perchlorate that is as close to the PHG as is
economically and technologically feasible.

As aresult, on July 5, 2017, the Division of Drinking Water (DDW) recommended a two-step
approach for possibly revising California’s perchlorate MCL. First, DDW would lower the DLR
from the current 4 pg/L. concentration to a level closer to, equal to, or less than the PHG of 1 pg/L.
With a revised DLR, new occurrence data can be collected to support the development of a revised
MCL, if appropriate. Second, if supported by the new occurrence data, DDW would propose a
new MCL as close to the 1 pg/L PHG as is technologically and economically feasible. The State
Water Board approved DDW’s proposal, and DDW is currently exploring the feasibility of
establishing a lower DLR for perchlorate which might then result in a new, lower MCL for
perchlorate of 1 pug/L or a level close to 1 pg/L.

Similarly, Massachusetts set an MCL for perchlorate of 2 ug/L in 2006. The chart below, which is
adapted from OEHHA’s Final Technical Support Document for Perchlorate in Drinking Water

! Available at https://oehha.ca.gov/water/public-health-goal-fact-sheet/final-technical-support-
document-public-health-goal-perchlorate.

2 Available at https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/
perchloratemcl/R-16-04-FSOR .pdf.

3 DPH, Final Statement of Reasons, Perchlorate Primary Maximum Contaminant Level (MCL),
Title 22, California Code of Regulations (June 25, 2007) at p. 4.
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(Feb. 2015) at page 156*, shows the MCLs for California and Massachusetts and the Advisory
Levels for other states with standards at the time of publication. (Note: The standards for the
states shaded in blue have changed since the publication date and have been updated herein):

State Advisory Level State Advisory Level
Alabama 24.5 Missouri 10.9
Alaska 14 New Jersey 5
Arizona 11 New Mexico 13.8

o 1 (PHG
California 6 ((M CL)) New York 5
Florida 4 Nevada 18
h
Hawaii 15 North 2
Carolina

Kansas 10.9 Texas 17
Maine 1 Vermont e

2 (enforce)
Maryland 11 Virginia 15

. . 0.1

Massachusetts 2 (MCL) Wisconsin (prevent)

1 (enforce)

In addition, EPA has a similar chart in its Technical Fact Sheet for Perchlorate which includes
standards for the additional states of Colorado, Illinois, Indiana, Pennsylvania, Utah, and
Wyoming. (EPA, Technical Fact Sheet — Perchlorate (Nov. 2017) at page 4.°) Notably, the
standards for the states in these two charts range from 1 pg/L to 26 pg/L.° all of which are well
below EPA’s proposed MCL of 56 pg/L.

Metropolitan also recommends that EPA consider the monitoring and compliance guidance
provided by California and Massachusetts in the development of their respective perchlorate
drinking water regulations.” The guidance provides information on when water agencies need to
monitor for perchlorate, what happens if perchlorate is detected, and when to monitor for

% Available at https://oehha.ca.gov/water/public-health-goal-fact-sheet/final-technical-support-
document-public-health-goal-perchlorate.

> Auvailable at https://www.epa.gov/sites/production/files/2017-10/documents/perchlorate
factsheet 9-15-17 508.pdf.

6 EPA includes in its chart the non-residential standard of 71 pg/L for Kansas, but the residential
standard is 11 pg/L.

7 California’s monitoring and compliance guidance for perchlorate is available at:
https://www.waterboards.ca.gov/drinking water/certlic/drinkingwater/Perchlorate. html.
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perchlorate again if no perchlorate is detected in the initial monitoring. (See Memorandum from
California Department of Public Health to All Community and Nontransient-Noncommunity
Water Systems (Oct. 12, 2007)*.) California also provides information on minimum requirements
for initial monitoring.’

2. Metropolitan has concerns with EPA’s underlying assumptions and analysis of national
occurrence data for perchlorate: (1) EPA does not have an up-to-date accounting of
perchlorate contamination, either as a drinking water contaminant or from cleanup
activities; and (2) EPA excluded perchlorate data from California and Massachusetts
which led to EPA’s proposed 18 pg/L, 56 ug/L, or 90 pg/L MCL levels. Metropolitan
recommends that EPA reanalyze national occurrence data for perchlorate while
including data from California and Massachusetts.

Metropolitan has two concerns with EPA’s occurrence analysis: (1) EPA’s reliance on older data
from the first Unregulated Contaminant Monitoring Rule (UCMR 1) ignores other, more recent
perchlorate occurrence data from around the country; and (2) much of EPA’s analysis excludes
data from California and Massachusetts.

First, as EPA acknowledges, UCMR 1 data (which is based on monitoring conducted between
2001 and 2005) are “more than one decade old; actual occurrence could be lower (e.g., because of
contaminant cleanup) or higher (e.g.. because new systems use perchlorate-contaminated source
water).” (84 Fed. Reg. at 30556 (emphasis added).) In fact, in 2005, the United States
Government Accountability Office (GAO) recommended that EPA “establish a formal structure to
centrally track and monitor perchlorate detections.” (GAO, Perchlorate: A System to Track
Sampling and Cleanup Results Is Needed, GAO-05-462 (Washington, D.C.: May 20, 2005).) EPA
officials disagreed with that recommendation, saying that they “already had sufficient information
on perchlorate concentrations in various environmental media that indicated the extent of
contamination nationally and that if EPA were to implement a tracking system, the agency would
require additional resources.” (GAO, Perchlorate: Occurrence is Widespread but at Varying
Levels; Federal Agencies Have Taken Some Actions to Respond to and Lessen Releases, GAO-10-
769 (Washington, D.C.: August 12, 2010) (“GAO Report, ‘Perchlorate Occurrence’) at p. 9.)
However, as GAO pointed out, “[W]ithout a formal system to track and monitor perchlorate

findings and cleanup activities, EPA and the states do not have the most current and
complete accounting of perchlorate as an emerging contaminant of concern, including the
extent of perchlorate found and the extent or effectiveness of cleanup projects.” (/d.,
emphasis added) Yet the older UCMR 1 data is “the primary source of occurrence data the EPA
relied on to estimate the number of water systems (and associated population) expected to be

8 Available at https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/
perchlorate/AdoptionMemotoWaterSystems-10-2007.pdf.

? Auvailable at https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/
perchlorate/Perchloratemonitoringchart-10-2007 .pdf.
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exposed at levels of perchlorate which could potentially exceed the proposed and alternative MCL
levels.” (84 Fed. Reg. at 30541.)

As an example of more recent occurrence data that EPA could have considered,'* the Department
of Defense (DOD) reported perchlorate detections at 284 of its installations, or almost 70 percent
of the 407 installations sampled from fiscal years 1997 through 2009, with detections ranging from
less than 1 pg/L up to 2.6 million pg/L. (/d. atp. 10.) In addition, as of June 2010, EPA reported
perchlorate detections at 40 sites on the National Priorities List. (/d. at p. 12.) As EPA recognizes
in its Technical Fact Sheet on Perchlorate, as of October 2009, perchlorate had been detected at
varying levels in drinking water, groundwater, surface water, soil or sediment in 45 states, the

District of Columbia, and three U.S. territories (see Figure 2 below).!! (EPA, Technical Fact Sheet
— Perchlorate (Nov. 2017) at p. 3.)

Figare 20 Pa abe 6
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Second, Metropolitan does not concur with EPA excluding results from California and
Massachusetts for perchlorate measurements that equal or exceed either 18 pug/L, 56 pg/L, or
90 ng/L simply “because water systems in these States must meet limits below 18 pg/L.” (84 Fed.

19 EPA cites this data in its Technical Fact Sheet on Perchlorate. (See EPA, Technical Fact Sheet
— Perchlorate (Nov. 2017) at pp. 2-3.)

' Figure 2 is from GAO Report, Perchlorate Occurrence, page 13.
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Reg. at 30542.) The fallacy of this assumption is shown by the fact that even though California
has an MCL of 6 ug/L, 230 of 9,341 public water wells in California sampled between 2007 and
2017 had at least one detection of perchlorate above 6 ng/L. (State Water Board, Groundwater
Information Sheet: Perchlorate (Nov.2017).)'* There were 173 groundwater sources in Los
Angeles County (88), San Bernardino County (62), and Riverside County (23) alone that detected
perchlorate above 6 ug/L. (/d.) In fact, California’s OEHHA found that the results of a survey of
“an essentially random sample of people from the U.S.” suggested that “probably everyone in
California, as well as everyone in the U.S., is exposed to perchlorate through some source.”
(OEHHA, Final Technical Support Document for Perchlorate in Drinking Water (Feb. 2015) at

pp- 1, 152))

Furthermore, perchlorate has been found in groundwater basins within Metropolitan’s service area.
The vast majority of locations where perchlorate has been detected in the groundwater are
associated with the manufacturing or testing of solid rocket fuels for the DOD and the National
Aeronautics and Space Administration (NASA), or with the manufacture, storage, handling, or
disposal of perchlorate (such as at the Aerojet Rocketdyne site in Azusa, California and the Jet
Propulsion Laboratory/NASA in Pasadena, California). Past agricultural practices using fertilizers
containing naturally occurring perchlorate have also been implicated in some areas. According to
the State Water Board’s water quality database, monitoring results from 2011 to 2014 indicate that
17 of Metropolitan’s 26 member agencies have detected perchlorate in their service areas at levels
greater than 4 pg/L from groundwater sources. Thus, EPA’s determination that there is an
“Infrequent occurrence of perchlorate at 18 pg/L, 56 pg/L, or 90 ug/L” (84 Fed. Reg. at 30541) is
flawed because it is based on the exclusion of results from California and Massachusetts (84 Fed.
Reg. at 30542). Metropolitan recommends that EPA reanalyze the occurrence data for perchlorate
for the nation by including occurrence data from California and Massachusetts.

Also, the sources of perchlorate found in California and Massachusetts may be located outside of
those states. As explained below, perchlorate in Orange County Water District’s (OCWD)
groundwater in California was traced to the Colorado River and found to originate from the two
industrial sites near the Las Vegas Wash in Nevada. The Colorado River Basin includes the states
of Nevada, Wyoming, Utah, Colorado, Arizona, and New Mexico. As shown above, none of these
states have MCLs for perchlorate, and although some have Advisory Levels for perchlorate, most
are higher than California’s MCL of 6 pg/L. However, California’s drinking water standard for
perchlorate is not enforceable outside of the State. In addition, as shown on Figure 2 above, as of
October 2009, several of the Colorado River Basin states had maximum perchlorate concentrations
above 100 pg/L, some even higher than 500,000 ug/L. Protection of this source water is critical to
the health and welfare of the residents in Southern California.

12 Available at https://www.waterboards.ca.gov/gama/docs/coc perchlorate. pdf.
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Source water protection is critical to preventing perchlorate impacts not only to drinking water, but
also to food. In 2004, the Food and Drug Administration (FDA) tested 500 samples of foods,
including vegetables, milk, and bottled water for perchlorate. (Congressional Research Service,
Perchlorate Contamination of Drinking Water: Regulatory Issues and Legislative Actions (Sept.
21,2010) at pp. 1-2.) The FDA found perchlorate in approximately 90% of lettuce samples
(average levels ranged from 11.9 pg/L. to 7.7 ug/L), and in 101 of 104 bottled milk samples (with
an average level of 5.7 ug/L). (/d. atp. 2.) The detection of perchlorate in food is relevant to
EPA’s rulemaking because EPA considers non-water exposures when determining whether to
establish a standard for a contaminant and, if so, at what level. (/d.)

3. Metropolitan asks EPA to establish a drinking water standard for perchlorate that
supports the ongoing remediation efforts and target cleanup goals at two chemical
manufacturing facilities near Henderson, Nevada.

The Colorado River is a significant source of drinking water to approximately 19 million people in
Southern California, as well as millions of people in Arizona, Nevada, and northern Mexico.
Perchlorate was first detected in Colorado River water in 1997 and traced back to the Las Vegas
Wash, which discharges into Lake Mead. The source of contamination was found to be emanating
from two chemical manufacturing facilities near Henderson, Nevada: (1) a former Kerr-McGee
facility which was owned by Tronox LLC and is now owned by the Nevada Environmental
Response Trust (NERT); and (2) the former Pacific Engineering and Production Company of
Nevada (PEPCON) site which was acquired by American Pacific Corporation (AMPAC) and is
now operated by Endeavour, LLC. Under the oversight of the NDEP and EPA, there has been
significant progress in reducing the loading of perchlorate into the Las Vegas Wash. At the time
that perchlorate was first discovered, loading into the Wash was approximately 1,000 pounds per
day, resulting in perchlorate levels exceeding 20 ug/L at times within Lake Mead. Interim
remedial efforts have resulted in over a 90 percent reduction in perchlorate loading into the Las
Vegas Wash, with levels decreasing from a high of 1,200 pg/L in 1998 to current levels between
50 and 70 pg/L on average. Further remediation is required to achieve greater reduction of
perchlorate levels in the Wash. Due to ongoing cleanup activities, perchlorate levels in Lake Mead
and the downstream Colorado River have typically remained below 2 pug/L over the past several
years.

While the remedial efforts to date have been successful in reducing perchlorate loading into the
Las Vegas Wash, a large perchlorate mass still remains at the Henderson sites. Groundwater at the
NERT site contains high concentrations of perchlorate, up to 6,000 mg/L, and continues to migrate
downstream towards the Wash and ultimately to the Colorado River. NERT is still conducting its
remedial investigation of the site and downgradient areas and will then evaluate various long-term
remedial alternatives. Currently, NERT is targeting groundwater cleanup to meet the interim
federal drinking water health advisory level of 15 pg/L and Nevada’s provisional action level of
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18 pg/L (which is based on EPA’s 1999 Interim Assessment Guidance for Perchlorate®® (see
NDEP’s Defining a Perchlorate Drinking Water Standard)’? within the Las Vegas Wash. EPA is
working closely with NDEP to ensure that perchlorate releases to the Las Vegas Wash and Lake
Mead are reduced effectively in a timely manner. Remedial construction of the long-term remedy
for the NERT site is not expected to begin until late 2024/early 2025. Endeavour’s long-term
remedy, in operation since September 2012, has demonstrated a steady performance. Under the
direction of NDEP, Endeavour has recently proposed modifications to their treatment system to
remove perchlorate in surface drain waters not currently captured by their groundwater treatment
system.

As an example of the Henderson sites’ far-reaching impact, Metropolitan faces significant
potential liability as a result of the perchlorate from the NERT site in Metropolitan’s water supply.
For example, in 2004, OCWD filed a lawsuit against several industrial defendants, alleging that
they were responsible for contaminating OCWD’s groundwater primarily with volatile organic
compounds (VOCs). Subsequently, OCWD advised defendants that the remediation costs had
increased considerably due to the presence of perchlorate in groundwater. In 2008, the defendants
filed cross-claims against Metropolitan based on Metropolitan’s sale of water containing
perchlorate to OCWD for replenishment purposes. The source of the perchlorate in Metropolitan’s
Colorado River water was from the two chemical manufacturing sites near the Las Vegas Wash.
Metropolitan incurred substantial costs defending itself in the case before trial. The trial was
divided into phases, with the cross-claims against Metropolitan reserved for a later phase. At the
end of the initial phase of the trial, the court ruled in favor of the industrial defendants. The
appellate court subsequently reversed the judgment on two of OCWD’s claims against one of the
defendants, and affirmed the rest of the judgment. The case has been remanded to the trial court
for further proceedings between OCWD and the remaining defendant. Thus, Metropolitan is still
subject to potential cross-claims for the perchlorate cleanup costs.

In addition, because the target cleanup goal at the NERT site is based on EPA’s 1999 Inferim
Assessment Guidance for Perchlorate, Metropolitan believes that EPA’s proposed drinking water
standard for perchlorate at 56 pg/LL could adversely impact the ongoing cleanup efforts at the site.
EPA’s proposed MCL and MCLG of 56 pg/L are almost four times greater than the current target
cleanup goal of 15 pg/L and could result in the cleanup goal being increased to a higher number.
The alternative proposed MCL and MCLG of 90 pug/L are also much greater than the current target

3 In 2003, EPA re-affirmed its 1999 Interim Assessment Guidance for Perchlorate with an added
suggestion “to carefully consider the low end of the provisional 4-18 ppb range.” (Memorandum
from EPA Assistant Administrator Marianne Lamont Horinko to Assistant Administrators and
Regional Administrators, “Status of EPA's Interim Assessment Guidance for Perchlorate” (Jan. 22,
2003) (emphasis added).)

14 Available at https://ndep.nv.gov/uploads/env-sitecleanup-active-bmi-perchlorate/perchlorate-
drinking-water-standard.pdf.
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cleanup goal. In fact, if the cleanup goal at the NERT site was revised to 90 pg/L, perchlorate
levels may increase significantly in the Las Vegas Wash and in the downstream Colorado River.

EPA’s alternative proposed MCL and MCLG of 18 pg/L are very close to the current cleanup goal
at the NERT site of 15 pg/L. and, thus, would likely not adversely impact site remediation efforts.
Nevertheless, as explained in comment #1 above, it is possible that California’s MCL for
perchlorate could decrease to 1 pg/L or a level close to 1 pg/L in the near future. If so, it is even
more important that EPA’s MCL and the target cleanup goal at the NERT site be low enough so
that appropriate remedial measures are in place to reduce perchlorate loading into the Las Vegas
Wash. This will help enable water agencies in California to comply with any lower California
MCL and possibly prevent their exposure to additional litigation and potential liability based on
impacted Colorado River water quality.

Treating perchlorate contamination at the source in the Henderson, Nevada area is the most cost-
effective way to protect public health rather than shifting that burden to millions of downstream
Colorado River water users. Thus, given the negative impact that EPA’s proposed MCLs of

56 pg/L and 90 pg/L could have on the remediation at the NERT site and the subsequent negative
effect on downstream Colorado River water users, EPA’s conclusion that “no alternative MCL,
including the alternative MCL values of 18 ug/L. and 90 pg/L . . ., would ‘maximize health risk
reduction benefits at a cost that is justified by the benefits’” (84 Fed. Reg. at 30557) is incorrect.
For these reasons, EPA’s proposed drinking water standard for perchlorate should take into
consideration the long-term remediation of perchlorate contamination at the Henderson sites to a
level that is protective of public health for downstream Colorado River water users and that helps
achieve California’s current and possible future MCL for perchlorate.

4. Metropolitan urges EPA not to withdraw its February 11, 2011, determination to
regulate perchlorate in drinking water.

Metropolitan urges EPA not to withdraw its February 11, 2011, determination to regulate
perchlorate in drinking water. If EPA withdraws its intent to regulate perchlorate, and
subsequently, perchlorate treatment were to be discontinued at the Henderson sites, perchlorate
levels in the Colorado River could revert to 9 ug/L in as little as 12 months. This level of
perchlorate would impact drinking water utilities in Arizona and Nevada which rely on Colorado
River water, and would result in California drinking water utilities that rely on Colorado River
water not being able to comply with California’s existing MCL for perchlorate of 6 png/L,
potentially exposing them to additional litigation and liability. The NERT site cleanup is funded
solely from private funds obtained, in part, from the participation of Metropolitan, CAP, and
SNWA in litigation in order to protect their source water and achieve compliance with the state
regulations they are subject to. EPA, as the nation’s environmental steward, should continue to
support the efforts of NDEP to reduce the level of contaminants entering the Colorado River, a
primary source of drinking water for over 25 million people.
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Furthermore, federal regulation of perchlorate under the Safe Drinking Water Act (SDWA) is
important to provide a source of funds to clean up perchlorate. For example, the purpose of the
Drinking Water State Revolving Fund (DWSRF) program is to assist public water systems with
financing the costs of infrastructure necessary to achieve or maintain compliance with SDWA
requirements and to protect public health. Section 1452 of the SDWA authorizes EPA’s
Administrator to award capitalization grants to States, who in turn provide low interest loans and
other types of assistance to eligible drinking water systems. If EPA decides not to regulate
perchlorate in drinking water, this source of funds will not be available to water agencies that have
to bear the financial burden of cleaning up perchlorate in their drinking water supplies.
Metropolitan recommends that EPA regulate perchlorate in drinking water at a level that would
support the current target cleanup goal of 15 nug/L for the NERT site.

As a regional water provider with source water originating in multiple jurisdictions, Metropolitan
supports the federal regulation of perchlorate at a level that: (1) prevents drinking water
contamination through source water protection; (2) is protective of public health for Colorado
River water users; and (3) helps to achieve California’s current and potential future MCL for
perchlorate. EPA’s role in establishing and enforcing a national drinking water standard for
perchlorate will be critical in the long-term remediation of perchlorate contamination in the
Colorado River Basin and hundreds of DOD sites around the country.

Metropolitan appreciates this opportunity to provide input to EPA on the various options for
regulating perchlorate in public drinking water systems and requests that EPA carefully consider
these comments. Please contact Dr. Mic Stewart, Metropolitan’s Water Quality Section Manager,
at (213) 217-5696 or mstewart@mwdh2o.com if you have any questions or need additional
information.

Very truly yours,

Igftrey Kighthinger
General Manager

cc: Mr. John J. Entsminger, General Manager
Southern Nevada Water Authority

Mr. Theodore C. Cooke, General Manager
Central Arizona Project
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Lauren Zeise, Ph.D., Director

August 23, 2019

Samuel Hernandez -

Office of Ground Water and Drinking Water, Standards and Risk Management Division
Environmental Protection Agency

1200 Pennsylvania Avenue NW

Washington, DC 20460

Re: comments on proposed perchlorate Maximum Contaminant Level, Docket No. EPA-
HQ-OW-2018-0780

Dear Dr. Hernandez:

The Office of Environmental Health Hazard Assessment in the California Environmental
Protection Agency is pleased to provide comments on the U.S. Environmental
Protection Agency’s proposed Maximum Contaminant Level (MCL) for perchlorate in
drinking water (Federal Register of Wednesday, June 26, 2019 (84 FR 30524) (FRL-
9994-68-OW).

The California Office of Environmental Health Hazard Assessment (OEHHA) believes
that the Maximum Contaminant Level Goals (MCLGs) and Maximum Contaminant
Levels (MCLs) recently proposed by the US Environmental Protection Agency (US
EPA) for perchlorate (US EPA, 2019) are not adequately health-protective. In
developing these levels, US EPA has taken approaches in a number of important areas
that are not fully justified, not appropriate, and that need to be reconsidered. We have a
large number of concerns with the proposed MCLGs and MCLs and the methods used
to develop them. Our key areas of concern are described beiow.

Science for a Healthy California | oehha.ca.gov
Headguarters: 1001 | $t., Sacramento, California 95814 | Mailing address: P.O. Box 4010, Sacramento, California $5812-4010 | ({916} 324-7572
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Comments on the US EPA Proposed MCL/MCLG for Perchiorate

I. PBPK/PD MODEL: ASSUMPTIONS AND VALIDATION

A. The model is complex, includes a number of assumptions and is not
reviewable without additional information

The US EPA proposal is based on a physiologically based
pharmacokinetic/pharmacodynamic (PBPK/PD) model (coupled with a dose-response
model) that is extremely complex (US EPA, 2017a). While we understand the reasons
for attempting to link perchloraie exposure with hypothyroxinemia and
neurodevelopmental outcomes, and appreciate the effort that has gone into developing
the biologically-based dose-response (BBDR) model, the complexity of these models
and the lack of documentation to suppori them result in a significant lack of
transparency. More specifically, the US EPA proposal itself does not provide adequate
justification or documentation for many of the assumptions used in the models or the
approaches US EPA has used to attempt to validate these models. Because of this lack
of information, it is extremely difficult to interpret the validity of the models, and it is not
possible to fully evaluate them or to provide very specific comments on the modeling
process in the timeframe US EPA has provided for public comment. Overall, based on
this lack of transparency, we do not feel it is appropriate for US EPA to use these
models as the primary basis of their proposed standards at this time.

B. Model validation

Importantly, the PBPK/PD model US EPA is proposing to use has not been validated for
the most sensitive subpopulations: pregnant women, their fetuses, and infants.
Calibration or validation with healthy non-pregnant adults is not appropriate since, as
noted by US EPA, healthy non-pregnant adults are not one of the more susceptible
groups. Comparisons to short-term dosing studies {e.g., Greer et al., 2002) are also
problematic since adults have several months of stores of thyroid hormone, and these
stores can temporarily mask any deficiency in thyroid hormone production that may be
caused by perchlorate. Calibration or validation using animal data is not especially
suitable since key aspects of the hypothalamic-pituitary-thyroid axis and key aspects of
neurodevelopment differ markedly between species.

Although US EPA appears {o have compared some aspects of the model to data from
some human studies, the major outcomes of the model (e.g., the impacts of perchlorate
on free thyroxine (fT4) levels) or critical precursor events (e.g., thyroidal icdide uptake)
have not been shown to match the results of research studies in the most sensitive
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groups. For example, in an independent analysis by Clewell et al. (2019), predictions
from the US EPA PBPK/PD model were compared to the results of four studies in
humans; only two of these studies involved pregnant women and none involved young
infants. One of the studies in pregnant women (Tellez Tellez et al., 2005) used by
Clewell et al. to compare to US EPA’s modeling resuits was essentially an ecologic
design, involving pregnant women with iodine levels that were much higher than
commoniy seen in the US, and took place in parts of Chiie that had well- documented
high exposures to other toxic agents (Cortes et al., 2016; Hopenhayn et al., 2003).
Thus, this comparison is not particularly informative. In the other comparison, using by
far the largest study in pregnant women (Steinmaus et al., 2016), the risks of declining
thyroid hormone levels associated with perchlorate were under-predicted by the US
EPA model by up to 100-fold. The key advantages of this particular study were: its large
size; statistically significant results; consistency of effects for 114, total thyroxine (T4),
and thyroid stimulating hormone (TSH); inclusion of pregnant women from the US; and
availability of information on a wide range of potential confounding variables such as
iodine status, anti-thyroid antibodies, and socioeconomic indicators (Stetnmaus et al.,
2016). US EPA provides no explanation why its modet so severely under-predicts this
human research study. Overall, we feel it is inappropriate for US EPA 1o rely on a model
that has not been adequately validated and that produces risk estimates that are far
below those of the largest study to date on perchlcorate and thyroid hormones in
pregnant women. '

. INADEQUATE INCORPORATION OF UNCERTAINTY

One of the key areas of uncertainty noted by US EPA is the variation and uncertainty in
the relationship between exposure and response among the members of the human
population, that is, intraspecies variability. In developing its proposed MCLGs/MCLs, US
EPA applied an intraspecies uncertainty factor of 3 to the point of departure
(representing a 2% drop In |Q) o arrive at a reference dose. Typically, US EPA uses a
default intraspecies unceriainty factor of 10. While regulatory agencies often decrease
the toxicokinetic component of the intraspecies uncertainty factor when PBPK/PD
modeling is used, the use of complex PBPK/PD models with a large number of

assumptions does not necessarily reduce uncertainty.

In its 2005 review, an expert committee of the National Research Councii recommended
that US EPA use a factor of 10 to account for uncertainty in developing its perchlorate
reference dose (NRC, 200%). This was consistent with US EPA guidelines that also call
for a default uncertainty factor of 10 for intraspecies uncertainty (US EPA, 2002). In

addition, US EPA’s previcus reference doses and its previous health advisories for
perchlorate have used this same uncertainty factor (US EPA 2008a and 2008k),
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Importantly, each of these previous documents and recommendations invoived a
reference dose that was based on human data (albeit in nonpregnant adults and using
short-term exposure), not estimates from complex and uncertain modeis. A number of
other experienced regulatory bodies have also used or recommended an uncertainty
factor of 10 or higher in their perchlorate risk assessments (MassDep, 2006; OEHHA,
2015; New Jersey DEP, 20006).

In spite of these guidelines and recommendations, and without, in our view, adequate
justification or supporting information, US EPA has decided to lower its intraspecies
uncertainty factor from 10 to 3. For the reasons described below, we believe this
decision is unjustified and not health-protective.

First, in its 2002 guidance document, “A Review of the Reference Dose and Reference
Concentration Process,” US EPA recommends reducing the intraspecies uncertainty
factor from a default of 10 “only if data are sufficiently representative of the
exposure/dose-response data for the most susceptible subpopulation(s)” (US EPA,
2002). Importantly, the information US EPA is using to develop its proposed
MCLGs/MCLs is not from actual susceptible human populations. Rather, the information
forming the basis of their assessment comes from estimates developed from models
that have a large number of parameters, lack transparency, have considerable
complexity, have not been adequately validated, and which therefore are associated
with considerable uncertainty. Further, as mentioned above, the model severely
underpredicts the effects seen in Steinmaus et al. (2016), the largest study of
perchlorate in pregnant women to date. Based on all of these issues, there is no reason
to believe that US EPA’s model predictions are “sufficiently representative of the
exposure/dose-response data for the most susceptible subpopulation(s)”, and thus
provide no valid justification for reducing the intraspecies uncertainty factor from the
default level of 10.

Second, US EPA chose a point of departure “designed to provide an adequate margin
of safety for the fetuses of mothers with an fT4 at the 10" percentile of a population, an
iodine intake of 75 pg/day, and a TSH feedback {oop that is less than 60% as effective
as individuals with a median TSH feedback loop efficacy.” In deciding to model
populations with an iodine intake of 75 pg/day, US EPA rationalizes that: “This value
represents an intake between the 15th and 20th percentile of the women of child
bearing age population distribution of estimated iodine intake from the National Health
and Nutrition Examination Survey (NHANES). The EPA considered using a lower iodine
intake level of 50 pg/day, which represents approximately the 5th percentile of the
NHANES distribution. At 50 ug/day of iodine intake, however, the BBDR model predicts
TSH levels that would be elevated to within the clinically hypothyroid range before
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exposure to any perchlorate. In contrast, at 75 pg/day iodine, the BBDR modeled
concentrations of serum fT4 and TSH are significantly reduced from the population
median but are still within the euthyroid range.” We see a major problem with this
approach. That is, by choosing not to model women who are hypothyroid or women with
low iodine intakes (1.e. below 75 ug/day), US EPA is essentially excluding two groups of
women that are likely {o be at very high risk from exposure to perchlorate. As such, US
EPA’s statement that an uncertainty factor of 3 is appropriate because the point of
departure is based on the most sensitive members of the population of preghant women
IS not justified.

Third, by attempting to include factors such as iodine intake, low baseline fT4 levels, or
inter-individual differences in the sensitivity of the thyroid hormone feedback loops into
their PBPK/PD model, US EPA has tried to incorporate some aspects of inter-human
variability into their proposed MCLGs/MCLs. However, since the model has not been
fully validated and since it is based on several guestionable parameters, it is unknown
whether any of these particular factors have truly been accounted for. As such,
considerable uncertainty related to each of these remains.

Fourth, there are a number of other areas of uncertainty and potential areas of
increased susceptibility that are not incorporated into US EPA's proposed
MCLGs/MCLs. Some of these are specifically acknowledged by US EPA (pages 52-53),
including uncertainty related to: |

o Inter-individual differences in the competitive inhibition at the sodium iodide symporter (NIS)
e The depletion of iodide stores under different iodine intake levels and physiological states

e The lack of dose-response information linking T4 to 1Q from the US

e A lack of full information on the iodine intake status of the population used to estimate the
dose-response relationship between maternal fT4 and childhood 1Q

e The methods used 1o assess maternal fT4 measurement during pregnancy
e The true distribution of fT4 for a given iodine intake |
e The possibility of sensitive life stages other than the first trimester fetus

e The lack of information linking incremental changes in infant thyroid hormone levels to
adverse neurodevelopmental outcomes

e The potential role of the low levels of iodine storage in the fetus and infant

e The potential role of iron deficiency and its relationship to hypothyroxinemia in pregnant
women

e The role of exposure to other chemicals that, like perchlorate, can also inhibit iodide uptake
into the thyroid gland including nifrate (from drinking water and food) and thiocyanate (from
food and tobacco smoke). These very common chemicals may have additive or synergistic
effects with perchlorate in women or neonates who are co-exposed
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e Uncertainty as to whether US EPA’s incorporation of the variability in fT4 responses to TSH
adequately reflect the true variability in the population.

Several other areas of uncertainty exist, and these are also not incorporated into US
EPA’s proposed MCLGs/MCLs. These include:

« (Co-exposure to chemicals, including a number of pesticides or common industrial
contaminants such as polychlorinated biphenyls (PCBs), polybrominated diphenyl ethers
(PBDEs), bisphenoct A, and per-/polyflucroalkyl substances (PFAS), that may alter thyroid
hormone levels or thyroid function by mechanisms other than thyroidal iodide uptake
inhibition.

e Susceptibility due to other pre-existing thyroid diseases or the presence of anii-thyroid
antibodies (thyroglobulin antibody and thyroid peroxidase antibody). US EPA has attempted
to incorporate susceptibility related to low baseline values of fT4, but as mentioned above
the models are still based only on euthyroid women. Importantly, not all pregnant women
are euthyroid. (As noted above, US EPA did not model women who were hypothyroid, only
those with hypothyroxinemia in the first trimester). Overall, there are many thyroid conditions
that could affect an individual's susceptibility to perchlorate, and it is unlikely that US EPA
has accounted for a number of them. |

¢ Misclassification of iT4 levels in the Korevaar et al. (2016) study linking maternal fT4 to
offspring IQ. Free thyroxine levels were only measured at a single point in time in this study.
However, thyroid hormone levels can fluctuate over time, and pregnancy is a period of major
changes in thyrold hormone levels (Lambert-Messerlian et al., 2008). As such, a single
measurement of fT4 may not accurately reflect true long-term thyroid hormone status.
Additional misclassification can occur due to the changes in binding protein levels that take
place during pregnancy. These changes are known to adversely affect the test used to
measure fT4 (Sapin and d’ Herbomez, 2003). Because misclassification due to these factors
Is unlikely io be related to neurodevelopment, the resulting bias is most likely towards the
null, that is, towards finding a weaker relationship between maternal fT4 and childhood 1Q
than what actually exists. Correcting for this bias would most likely increase the fT4-1Q
association reported by Korevaar et al. and thus most likely decrease the reference dose
and MCLGs/MCLs proposed by US EPA.

In conclusion, considerable uncertainty is present in the proposed MCLGs/MCLs but US
EPA presents little justification for lowering its intraspecies unceriainty factor by >300%.
lts decision to use such a low uncertainty factor Is inconsistent with its own
recommendations and past practices as well as the recommendations and past
practices of other experienced agencies and experts. As we have described above, a
large number of uncertainties exist in US EPA’s proposed approach, and we do not
agree that all, or even most, of them have been accounted for. Thus, we do not agree
with applying an uncertainty factor of 3. Rather, at a minimum, the unceriainty factor
should be 10.
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lll. THE USE OF A SINGLE STUDY ON NEURODEVELOPMENT
A. Other endpoints are not considered

[n its most recent review, an expert commitiee of the National Research Councill
identified inhibition of iodide uptake by the thyroid and subsequent thyroid deficiency as
the primary mode of action of perchlorate, and stated that, “...if it dces not occur, there
IS NO progression to adverse heaith effects” (NRC, 2005). By choosing a critical early
effect like this as the basis for risk assessment and standard setiing, all of the potential
adverse effects that result from it, both known and unknown, should be prevented.
Based on this principle, the NRC committee concluded that the “use of inhibition of
iodide uptake by the thyroid as the basis of the perchlorate risk assessment to be the
most health-protective and scientifically vatid approach.” The fact that there may be
currently unknown or poorly described consequences of NIS inhibition and thyroid
deficiency does not seem to have been considered by US EPA. The functions of thyroid
hormone are complex and multi-faceted, and it is likely that there are a number of
unknown or not yet well-described adverse effects of thyroid deficiency and perchlorate
exposure.

In its draft proposal however, rather than using iodide uptake inhibition, US EPA now
bases its MCLG/MCLs on a single downstream event, 1Q loss. While we acknowledge
that 1Q loss is an important endpoint, it is unknown whether this is the most sensitive
endpoint. In other words, 1t is unknown whether protecting against this particular
ouitcome will help protect against all or even most of the other potential adverse
outcomes that could be caused by perchlorate. Thyroid hormone is involved in many
important physiological processes and plays a role in a number of important adverse
events ranging from cardiovascular disease to alierations of digestive and muscie
function to deficiencies in neuro- and physical development. Neurodevelopment is also
complex and multifaceted, and we are not aware of any evidence suggesting that a
single metric like IQ accounts for all aspects of this highly complicated process. By
basing its MCLG/MCLs on a single highly specific downstream event like 1Q, rather than
on a very well-documented and relatively easily measured crifical precursor event like
iodine uptake inhibifion, it seems likely that US EPA’s current approach could have
missed some of the more sensitive effects of thyroid deficiency and perchlorate.

B. The most sensitive neurodevelopment endpoint may not have been selected
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With regards to neurodevelopment, US EPA identified five papers and seven analyses
- that they found useful for estimating the dose-response relationship between maternal
fT4 and neurodevelopment. The outcomes assessed varied from study to study and
included 1Q, Mental Development Index (MDI), and Psychomotor Development Index
(PDI)}, anxiety/depression scores, and reaction time. Of the five studies and seven
analyses, US EPA selected its own re-analysis of a single study, the investigation of
childhood 1Q by Korevaar et al. (2016). For several reasons, we believe the use of this
study by US EPA as its sole source of information on the tT4-neurodevelopment
relationship is inappropriate and not adequately justified.

First, except for the Finken et al. (2013) study involving reaction time, the Korevaar et
al. study had the least conservative dose-response slope of any of the seven analyses
considered by US EPA. For example, the slope US EPA derived using the Korevaar et
al. data was 3.5 times lower than that reported in the study of maternal T4 and offspring
PDI of Pop et al. (1999). If the goal is to develop an MCLG or MCL that is appropriately
health protective, selection of a study with one of the least sensitive endpoints will not
achieve this goal. It should also be noted that the urinary iodine levels in the women in
the Korevaar et al. study appeared to be much higher (227 ug/g creatinine) than levels
typically seen in US pregnant women. As such, the findings of this study may not be
representative of much of the US.

Second, several of the studies of fT4 and a neurodevelopmental outcome were
excluded for reasons that were difficult to foliow. For example, US EPA decided not to
use one study because the measured endpoint of “anxiety/depression is not an
intuitively interpretable endpoint,” without explanation of what is meant by “intuitively
interpretable.” In addition, a study of maternal hypothyroxinemia and cognitive and
behavioral deficits in children by Vermiglio et al. (2004) was discussed extensively in a
previous US -EPA document on perchlorate (US EPA, 2017b) but is not even cited in the
draft proposai. This omission is important because the magnitude of the association

between fT4 and [Q reported by Vermiglio et al. was almost four times greater than that
reported by Korevaar et al. (US EPA,ZO']?b). |

US EPA appears not to have used the Pop et al. (1999) and Pop et al. (2003) studies
because of their small sample sizes and because neither was adjusted for confounders.
However, sample size was not a major problem with either study since both were large
enough to identify findings that were statistically significant. As noted previously by US
EPA, “a small study that does detect an association is notable given the lack of power
that is associated with a small sample size” (US EPA, 2017b). Further, it is not

appropriate to exclude a study based on confounding without doing an adequaie
evaluation of this bias. While there are a number of methods to do this (see Axelson,
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1978 as an example), none of these are presenied in the draft proposal. For example,
we note that while the results of Pop et al. (1999) using fT4 and PDI as continuous

variables were not adjusted, categorical analyses presented in this study showed that a |

strong association between fT4 and PDI remained after adjustment for education,
smoking, anti-thyroid antibodies, maternal depression, and other factors. In Pop et al.
(2003), women with depression, obstetrical complications, or clinical or subclinical
thyroid conditions, and children with tow birth weight or hospitalizations were excluded.
These exclusions should have removed any important confounding caused by each of
these factors. For other variables, such as maternal and paternal education levels,
smoking, alcohol intake, income, breasifeeding, birth weight, and gestational age, major
differences were not seen between women with low and high fT4 levels in this study,
suggesting that confounding by these variables is unlikely. These are a few examples of
the types of analyses that can be done to evaluate confounding but they do not appear
to be a part of the development of the proposed MCLGs/MCLs.

The two Pop et al. papers discussed above assessed the impacts of maternal T4 and
neurodevelopment using the Bayley Scales of Infant Development. US EPA has
previously described these scales as, "the gold standard for neurodevelopmental
assessment of children” and “a reliable indicator of the current development and
cognitive functioning of the infant” (US EPA, 2017¢). The MDI scale of the Bayley test
evaluates aspects of functioning such as eye hand coordination, manipulation,
understanding of object relations, imitation, and early language development. The PDI
scale of the Bayley test assesses gross motor development. While the ability of the
Bayley scales in young children to predict future outcomes may not be as strong as 1Q
in later life, this does not mean that the Bayley scales are not important. Rather, they
are a commonly used metric for assessing early life development and several studies
have shown that they have at least some predictive value for future outcomes (Siegel,
1982; Van Baar and de Graaff, 1994; Van Wassenaer et al. 1997; Luttikhuizen dos
Santos, 2013). By excluding the two Pop et al. studies for reasons that are not clear, US
EPA may have unjustifiably excluded two valid sources of information on outcomes that
could be more sensitive than I1Q.

Categorical data can also be used for risk assessment, and US EPA identified a number
of studies using categorical data that reported fairly clear associations between thyroid
deficiency and neurodevelopment (US EPA, 2017b). In fact, in an earlier document, US
EPA noted that out of the 13 studies (and two meta-analyses) it identified that used
categorical data, 11 found evidence for an association (US EPA, 2017b). However,
none of these studies were used to develop the proposed MCLG/MCLs. Studies or
analyses invoiving thyroid hormones other than T4, specifically thyroid stimulating
hormone (TSH), studies of other thyroid disorders (e.g. hypothyroidism), and studies not
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involving the first trimester of pregnancy were also not used. These exclusions may
have also led to some sensitive outcomes being missed. For example, based on its
earlier PBPK/PD modeling, US EPA estimated that the drinking water level of
perchloraie estimated to cause a 10% increase in TSH was 3 pg/L. This is 19 times
lower than the currently proposed MCLG/MCL of 56 pg/L (US EPA, 2017b) which is
based solely on fT4. And, in its 2017 methodology paper on perchlorate, US EPA
calculated a point of depariure (POD) of 0.4 yg/kg-day for a one percent increase in the
number of women with hypothyroxinemia. This is 17 times lower than the POD of 6.7
ug/kg-day US EPA used to calculate the proposed MCLG/MCL of 56 ug/l. (US EPA,
2017b). Overall, by essentially ignoring ali of these other studies and other outcomes, it
is very likely that US EPA’s proposed MCLGs/MCLs are not based on the most
sensitive adverse effect.

In summary, while US EPA identified several different studies of fT4 and
neurodevelopment, it has selected an endpoint that gives one of the least sensitive
dose-response relationships and therefore inapproprately high MCLGs/MCLs. The
main reasons why US EPA appears to have made this selection is that 1Q Is “intuitively
interpretable,” and that the Korevaar et al. study had a large sample size. However,
neither of these factors means that the outcomes assessed in the other studies are not
relevant, valid, or important. In order to help assure that the most sensitive known
outcome Is considered, we believe that US EPA should reconsider the information on
the other studies of thyroid hormone and neurodevelopment it has identified. As shown
in Table llI-2 of the draft document (US EPA, 2019), use of the data by Pop et al. (1999
and 2003) would result in a reference dose that is approximately 3-times lower than that
currently proposed by US EPA. This type of major difference in sensitivity should not be
ignored if the goal is to develop an MCLG/MCL that is truly health-protective.

C. Re-analysis of original study findings by Korevaar et al. is not justified

Despite describing the original Korevaar et al. (2016) study as "the most rigorous
analysis available in the literature to date,” US EPA reanalyzed the Korevaar et al. data
and used the results of this re-analysis in their models. This re-analysis was done in
response o a peer review comment questioning the fit of the log-linear model originally
used by Korevaar et al. and questioning whether the addition of certain variables in the
model “may have driven [biased] measures of association towards the null.” We agree
with this reviewer’'s concerns in principle. However, the re-analysis done by US EPA did
not result in an association that was further away from the null as the reviewer (and we)
expected. Rather, the opposite occurred: the change in fT4 needed to cause a 1%
decrease in IQ was 62% higher in US EPA's re-analysis than that originally reported by

Korevaar et al. Overall, while we agree that model overfitting can sometimes be a
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problem, in order to be fully transparent US EPA needs to show that the variables they
removed from the original Korevaar et al. model really did cause overfitting and were
not actual confounders. US EPA should also provide more information on whether or
not their new model provides a better fit than the original model, and provide a rational
explanation of why their re-analysis produced results that were in an unusual and
unexpected direction. We do not feel it is appropriate for US EPA to use the results of
their re-analysis of the Korevaar et al. data until these issues are adequately addressed.

IV. OTHER SUSCEPTIBLE GROUPS: INFANTS

Based on the recommendation of its Scientific Advisory Board, US EPA decided to
focus on fetuses of hypothryoxinemic first-trimester pregnant women as the most

sensitive subgroup. Importantly though, there are other sensitive subgroups and none of
these have been included in US EPA’s MCLG/MCL development.

The decision to focus solely on this group appears to be based on the assumption that
the relationship between thyroid deficiency and adverse neurodevelopment is greatest
during the first trimester fetal period. While we acknowledge that there is some evidence
to suggest this may be the case, this evidence is far from conclusive, and a variety of
other research suggests that thyroid function is critically important during other life
stages. For example, in Pop et al. (2003), while maternal fT4 levels in the first trimester
were strongly linked to neurodevelopmental outcomes in the offspring, this effect only
occurred when maternal fT4 levels continued to remain low into the 27 or 3™ trimesters.
This highlights the importance of thyroid hormone throughout the entire pregnancy, not
just during the first trimester.

A wealth of research also shows that adequate thyroid function in the neonatal ana later
infancy periods is important for neurodevelopment (Zoeller and Rovet, 2004). And, as
reviewed by OEHHA (2015), several research studies have linked perchlorate to
changes in thyroid hormone levels in young children (Steinmaus et al., 2010; Brechner
et al., 2000; Kelsh et al.,2003; Buffler et al., 2006; Li et al., 2000; Crump et al., 2000).
Even US EPA’s own models have identified young infants as a major susceptible
subpopulation. For example, in US EPA’s 2009 PBPK/PD model, inhibition of iodide
uptake into the thyroid gland at a given drinking water level of perchlorate was predicted
to be about four times higher in botitle fed infants than in first trimester preghant women
(US EPA, 2009). Overall, based on all of this evidence, it seems highly unlikely that the
impacts of thyroid deficiency on neurodevelopment completely disappear after the first
trimester of pregnancy, and therefore it is unreasonable not to consider neonates or
young infants as an important susceptible subpopulation.
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Consideration of neonates or young infants is especially important because perchiorate
intake on a per body weight basis at a given concentration of perchiorate in drinking
water is markedly higher (almost six times higher) in bottle-fed infants than in first-
trimester pregnant women (OEHHA, 2015). This fact does not seem to have been
considered in US EPA’s most recent proposal. Young infants may also be particularly
‘susceptibie to perchiorate because they have much lower leveis of stored thyroid
hormone than adults. These low reserves likely make infants much more susceptible
than adults to any short-term reductions in thyroid hormone production that couid be
caused by perchlorate.

It appears that US EPA decided to exclude infants based on an earlier BBDR model
and the assumption that iodine in infant formula would offset the effects of perchlorate.
However, to our knowledge neither the results of this earlier model nor the assumption
regarding iodine in formula have not been validated or confirmed. OEHHA'’s latest
perchlorate Public Health Goal (OEHHA, 2015) used bottle-fed infants as the most
susceptible subpopuiation, and included a specific drinking water intake rate for bottle-
fed infants. By not considering the much higher drinking water intakes rates in neonates
and infants, and by not fully considering the risks in these young children, it is highly
likely that US EPA’s proposed MCLG/MCLs are not adequately protective for these
important susceptible subpopulations.

V. A BENCHMARK RESPONSE OF 2% IS NOT HEALTH PROTECTIVE

The primary MCLG and MCL of 56 ug/L proposed by US EPA are based on a two-point
(or 2%) loss In [Q, that is, a benchmark response (BMR) of 2%. An approach using a
BMR of 1% is provided as an alternative, and this results in an MCL that is three times
lower (the MCL is not directly proportional to the BMR because the relative source
contribution of perchlorate from food is increased when lower BMRs are used).
Importantly, US EPA provides no justification for why it selected a BMR of 2%. The US
EPA’s benchmark guidance notes that when assessing animal toxicoliogical data, as a
starting point the analyst might consider a benchmark response rate for continuous data
as one standard deviation. In the case of 1Q, that would be 15 [Q points, obviously not a
good benchmark response rate for such an important cutcome. In the draft proposal,
US EPA states that it looked to its 2012 Benchmark Dose Guidance document for
insight and specifically noted that, “[a] BMR of 1% has typically been used for quantal
human data from epidemiology studies.” (US EPA, 2012). While the guidance document
does not recommend a specific BMR for continuous data, we see no reason why this
recommendation should differ between quantal and continuous human data, particularly
for an endpoint such as 1Q.
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The guidance document goes on to state that, “The ideal is to have a biological basis for
the BMR for continuous data, €.g., a consensus scientific definition of what minimal
level of change in a continuous endpoint is biologically significant.” While a 1%
decrease in 1Q in an individual may or may not be noticeable, a 1% decrease in the
average 1Q in a large population certainly is biologically significant. For example,
Beilinger (2004) has shown that while relatively small changes in 1Q associated with
lead exposure may have limited impacts at the individual level, they can cause major
increases in the numbers of people at the low end of the 1Q spectrum and major
decreases in the numbers of people at the higher end of the 1Q spectrum. Weiss has
shown that this effect is even greater in disadvantaged populations (Weiss, 2000). Like
lead, perchlorate exposure is widespread. That is, essentially everyone in the US is
exposed (Blount et al., 2007), and in its draft document US EPA estimates that 4-16
million people may have perchiorate concentrations 24 ug/L in their drinking water.
Given this widespread exposure, small changes in 1Q due o perchlorate, including a 1%
change, can have major population impacts and therefore should be considered
biologically significant. As such, if IQ or any other major neurologic outcome is used as
the basis of the MCLG/MCL, at a minimum, a 1% change should be selected as the
BMR.

VI. SUMMARY

US EPA has made a number of key decisions that are not well supported and which
have resulted in proposed reference levels and MCLGs/MCLs that are higher than the
health- protective levels it has previously proposed and higher than those proposed by
“other agencies and experts. This includes its decision to use a model that is
exceedingly complex and opaque, has not been appropriately validated, and which is
associated with considerable uncertainty. It also includes its decisions to lower its
uncertainty factor to a level markedly below its well-established default value, its
decision to use a benchmark response that is higher than what most would consider
biologically significant, and its decisions 1o not use the most sensitive endpoints or

populations. Given these concerns, we would like to make the following
recommendations:

1. US EPA should not use its current PBPK/PD model unless and until all parameters are well
justified, it can be made more transparent (see Clewell et al., 2019), and it is appropriately
calibrated and validated.

2. These parameters and this validation should be based on data from the most susceptible
groups including pregnant women, fetuses, and young infants. We acknowledge that the
appropriate data from fetuses for validation and calibration may never be available. This is a
major underlying flaw in the PBPK/PD model that might never be overcome.
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3.

US EPA should use an intraspecies uncertainty factor of at least 10 in order t0 more
appropriately account for sensitive populations besides the fetuses of pregnant women in
the first timester. These include bottle-fed infants, fetuses of pregnant women who are not
euthyroid, women with very low iodine intakes, and other individuals with thyroid disease.

US EPA’s benchmark response should be based on the most sensitive outcome or on a
sensitive critical precursor event such as inhibition of uptake of iodide by the thyroid. The
latter is the best way to help assure that all important adverse effects, both known and
unknown, can be prevented.

If 1Q or a similarly important outcome is selected as the critical event, a 1% decrease is likely
to be biologically significant and should therefore be used as the benchmark response,
rather than 2% 1Q loss as in the current US EPA proposal.

US EPA should not use re-analyzed data (e.g., the Korevaar et al. analysis) unless the re-
analysis is fully justified, the methods and results are transparent, and any discrepancies or
unusual results are explained.

Neocnates and infants should be considered a susceptible group and their very high water
intake on a per body weight basis should be incorporated into any perchlorate risk
assessment.

Sincerely,

Melanie A. Marty, Ph.D.
Assistant Deputy Director
Division of Scientific Programs

CC.

Dr. Lauren Zeise, Director

Office of Environmental Health Hazard Assessment
California Environmental Protection Agency

1001 | St

Sacramento, CA .

Darrin Polhemus, Deputy Director

- Division of Drinking Water
State Water Resources Control Board
1001 1 St

Sacramento, CA

Julie Henderson
Deputy Secretary for Health and Public Policy
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General Comment

In the June 26, 2019 proposed rule for perchlorate, EPA requested comments on the costs and availability of Treatment Technologies as well as potential
implementation challenges associated with the proposed perchlorate regulation that the EPA should consider, specifically for small systems. Innovative
Water Care, LLC would like to offer the following comments regarding sources of perchlorate contamination and technologies that may be used to avoid
perchlorate contamination.

In the EPA-HQ-OW-2018-0780-0127 Perchlorate occurrence and monitoring report, there isnt any breakdown of which systems used chlorine gas and
which used sodium hypochlonite solutions, but there is a geographical distribution in Exhibits 16 and 17 that shows a greater occurrence of perchlorate in
the southern states where warmer temperatures may be expected to accelerate sodium hypochlorite decomposition and formation of perchlorate.
Furthermore, Exhibit A-3 indicates that the median finished water perchlorate concentration (16 ppb) is greater than the median surface (0.248 ppb) and
ground (1.5 ppb) water concentrations. These data indicate that the chlorination process may be a contributing factor in perchlorate contamination.

In 2009, the American Water Works Association (AWWA) published the report Hypochlorite- An assessment of factors that mfluence the formation of
perchlorate and other contaminants (AWWA 2009). The document provides data on the effect of storage conditions and other variables on perchlorate
formation in sodium hypochlorite solutions and provides guidance on ways to avoid perchlorate formation. In addition to specific storage
recommendations, the document provides data on the much lower perchlorate values of calcium hypochlorite.

As stated in the proposed 1ule, the Safe Drinking Water Act requires that the Agency list the technology, treatment techniques, and other means which the
Administrator finds to be feasible for purposes of meeting [the MCL]. The Best Available Technologies (BAT) discussed in Section X of the proposed
rule and in EPA-HQ-OW-2018-0780-0111 (Best Available Technologies and Small System Compliance Technologies for Perchlorate in Drinking
Water) cover only remedial teclimques for removing perchlorate from water. Since chlorination may be a preventable source of perchlorate contamination
in drinking water, we believe that the BAT list should include preventative techniques as well as remedial techniques that are feasible for purposes of
meeting the proposed MCL values. The guidance provided in AWWA 2009 should be incorporated as Best Available Technologies for prevention of
perchlorate contamination. Following is a list of techniques that may be used to minimize perchlorate additions with chlorination:

Dilute stored sodium hypochlorite solutions upon delivery

Store sodium hypochlorite solutions at lower temperatures

Control the pH of stored sodium hypochlorite solutions at pH 11-13, even after dilution

Control the removal of transition metal ions by purchasing filtered hypochlorite solutions and by using low-metal ion concentration feed water for the on-
site- generation systems

Use fresh hypochlorite solutions when possible

Make hypochlorite solutions on-site immediately before use by using feed equipment that dissolves solid calcium hypochlorite

Use alternate sources of chlorine where perchlorate contamination is decreased (chlorine gas and solid caleium hypochlorite)

All of these teclimques are effective in minimizing perchlorate contamination of drinking water and all of them are appropriate for use by small systems.
They meet all of the BAT criteria outhined in Exhibit 1 of EPA-HQ-OW-2018-0780-0111:

High removal efficiency (although the word reduction would be more appropnate here)

History of full-scale operation

General geographic applicability

Compatibility with other treatment processes

Ability to bring all of the water system into compliance

Reasonable cost basis for large and medium systems

These techniques also provide a reasonable cost basis for small systems.

An additional benefit is that these preventative measures do not produce any waste streams such as those that would be created with the currently listed
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BAT remediation techniques of ion exchange, biological treatment and reverse osmosis.
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EPN COMMENTS ON PROPOSED PERCHLORATE
DRINKING WATER STANDARD
August 26, 2019

The Environmental Protection Network (EPN) is an organization comprised of over 450 EPA alummni
volunteering their time to protect the integrity of the U.S. Environmental Protection Agency (EPA), human
health and the environment. We harness the expertise ot tormer EPA career statt and contfirmation-level
appointees to provide an informed and rigorous defense against current Administration efforts to

undermine public health and environmental protections.

In the proposed new perchlorate drinking water standard, EPA acknowledges that the lack of robust

epidemiology studies makes it very difticult to estimate the likelihood and magnitude of perchlorate’s etfects
on neurodevelopment in fetuses and intants exposed to perchlorate through cord blood, breast milk, and
tormula. Despite this fact, EPA’s proposed perchlorate standard is based on a reterence dose (RfD) that
includes the lowest possible uncertainty factor ot three because the agency maintains all other uncertainty
has been eliminated by the use of their Biologically Based Dose Response (BBDR) model. In our comments
below, EPN describes the reasons why this uncertainty factor of three does not provide an adequate margin
of safety for the perchlorate RtDD and must be increased. EPN also comments that the novel approach EPA
used to derive a Relative Source Contribution (RSC) for perchlorate must be peer reviewed by external
experts before it can be used. Finally, EPN comments on implementation issues in the perchlorate proposal.
Based on these concerns, EPN concludes that the proposed perchlorate drinking water standard is not
scientitically detensible.

Risk Assessment
EPA derived the proposed Maximum Contaminant Levels (MCLs) using the BBDR model to estimate
perchlorate impacts on the thyroid hormones of a pregnant woman at each gestational week from

conception to week 16. The model predicts serum thyroid hormone levels of T4 given specific levels of
1odine intake, thyroid stimulating hormone (TSH) teedback loop strength, and perchlorate doses. EPA then
linked these model predictions of T4 levels to an epidemiology study’s measurements of one day’s T4 level
in a pregnant woman and the intelligence quotient (IQ) of her child. EPA calculated proposed MCLs for
perchlorate, which were predicted to produce a 1, 2 or 3% decrease in IQ for a child born to a woman with
low 1odine intake levels, low T4 levels, and weak TSH teedback strength.

EPN has a number of concerns regarding this approach. First, there were very few data available to calibrate
the pharmacokinetic aspects ot the model, particularly during the first trimester ot pregnancy. Perchlorate
and iodide absorption, metabolism and excretion are theretore uncertain. Second, pharmacodynamic data
are lacking to calibrate the joint eftect of varying perchlorate and iodide serum concentrations on thyroid
uptake of 1odide and subsequent production of T4 hormone levels from gestation to week 16. Third, the
tailure to conduct a systematic review of the epidemiology literature undermines the basis tor linking the
BBDR model results to neurodevelopmental outcomes. It is possible that the 66 studies eliminated from
consideration could have provided key information for the overall weight of evidence regarding both serum
thyroid tunction and the relative sensitivity of IQQ compared to other neurodevelopmental measures. Even
the tive studies that EPA considered indicate that 1Q) is a less sensitive measure than the Mental
Development Index and Psychomotor Development Index, which were evaluated in some of those studies.
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Finally, EPN notes that there are multiple concerns with the epidemiology study used as the basis of the
RtD. According to the American Thyroid Association, the reterence range of TSH and T4 in pregnant
women varies within the U.S. population and across ethnic groups. Thyroid hormone levels also vary
throughout pregnancy, adding to the uncertainty in identitying the level of alteration that may lead to
hypothyroidism and fetal eftects. The selected epidemiology study involves a non-U.S. population, includes
only a one-time measurement ot T4 hormone in each pregnant woman, and does not measure iodine intake
or perchlorate exposure for any ot the women. This lack of cntical data impairs the ability of the BBDR
model to predict serum T4 hormone levels and the ability to link those hormone levels to an appropriately
sensitive neurodevelopmental outcome. It is particularly concerning that EPA has not resolved the critical
issues of uncertainty identitied previously by the Science Advisory Board, which include the lack of
epidemiology data showing a direct association between 1odine inlubition and IQQ decrement, predictions for
lactating mothers with less than 75ug/day iodine intake, and the lack of a standard definition of
hypothroxinemia. It appears that EPA 1s trying to set the precedent that use of a complex model with many
variables, which cannot be calibrated, justities the elimination of uncertainty tactors for reference doses.
That is not a scientifically detensible policy. EPN concludes that EPA cannot possibly justity the low
uncertainty factor of three and should derive new RfDs betore proposing a perchlorate drinking water
standard.

EPN is also concerned that EPA developed a new methodology to estimate the perchlorate dose that
women of childbearing age 1n the U.S. are getting from tood but did not subject thus influential analysis to
expert external peer review before using it to calculate the proposed MCLs. The new method combines
food consumption data for women ot childbearing age, trom National Health and Nutrition Examination
Surveys, with Food and Drug Administration (FDA) data on the perchlorate concentrations in various types
of food to calculate each study participant’s daily dose of perchlorate. RSCs ranging trom 56% to 88% for
the three different RtDs were calculated using the 90th percentile bodyweight-adjusted perchlorate
consumption based on the second-highest perchlorate concentrations measured by FDA tor each type of
tood. EPA suggests this second-highest concentration is equivalent to a 95th percentile value but did not
assign a distribution to the 20 samples available for each type of tood. An expert external peer review is
needed to evaluate this complex analysis, which is ot great interest to women throughout the country who
are unknowingly exposed to perchlorate in their food.

Implementation
In addition to our risk assessment concerns, we have the following comments regarding the implementation

of the proposed perchlorate drinking water standard.

First, EPN has questions concerning EPA’s assumptions about the extent and cost of the initial perchlorate
monitoring required by the states and water systems. See Section VIII Monitoring and Compliance
Requirements. EPA’s estimate significantly overstates the number of water systems that will need to be
monitored. It 1s highly likely that most consecutive systems will not need to to be monitored. States will use
their discretion to waive the monitoring requirement where perchlorate is likely not to be found in the water
system’s source water. EPA must work with states to develop strong implementation guidance to minimize
the initial monitoring round, as was done for most ot the current regulations implemented in the middle
1990s for inorganic compounds, volatile organic compounds, and synthetic organic compounds. EPN
recommends that EPA seek external comments on the high monitoring costs.
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Second, EPN has major concerns about the adequacy of EPA’s cost-benetit analysis of the proposed
regulation. See Section XII Health Risk Reduction Analysis. EPA concluded that tor all proposed MCLs,
the total annual costs are substantially higher than the proposed benefits.

@ The cost-benetit analysis supports the proposed MCL levels ot 18, 56, and 90, where the benetits by
definition are low since the expected violations to be resolved are very low. A cost-benetit analysis
where the costs are much higher than the benetits weakens the validity of the proposal. EPN
believes a more stringent standard is justified and that a more stringent value could result in benetits
exceeding costs. EPN recommends that EPA withdrawal the current proposal and re-propose a new
standard more stringent than the current proposal.

e The cost-benetit analysis itself 1s very weak. EPA acknowledged that they made many assumptions
around the cost-benefit estimates that reduced the benefits estimate and potentially overestimated
costs. On benefits: They purposely did not consider the obvious benefits of perchlorate treatment in
addressing co-occurring violations, such as nitrate. Also, they made no assessment ot treatment costs
avoided by a water system’s decision to switch to a new water source, which is what 1s happening in
both Massachusetts and California to comply with their state perchlorate regulation. Oz costs: They
made a very high estimate of the cost of initial monitoring, even though states have wide discretion
to walve monitoring requirements for many water systems..

Third, EPN has serious concerns that EPA is including in their perchlorate proposal an option to withdraw
from the 2011 regulatory determination and potentially not regulate perchlorate. See Section XV Request
tor Comment on Potential Regulatory Determination Withdrawal. The proposal states that recent findings
suggest that perchlorate does not occur in water systems with a frequency and level of public health
concern, and that the perchlorate regulation is no longer a meaningful opportunity for health risk reduction.
They also point to EPA’s previous determination in 2008 not to regulate perchlorate as precedent, as well as
reference other EPA decisions to question regulation (e.g., aldrin) where the occurrence was very low.

EPN has identified serious flaws in the proposal and has serious questions about the scientific defensibility
ot the EPA perchlorate regulation, the validity of the monitoring, and cost-benetit analysis. EPN strongly
recommends that EPA withdrawal the proposal and re-propose a more stringent perchlorate standard with a
new cost-benetit analysis. The new proposal should delete the option to withdrawal from the 2011
regulatory determination.
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Association of State Drinking
Water Administrators

August 26, 2019

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue NW
Washington, D.C. 20460

Re: Proposed National Primary Drinking Water Regulation: Perchlorate
Docket No. EPA-HQ—-OW-2018-0780

Dear Docket:

The Association of State Drinking Water Administrators (ASDWA) is the independent,
nonpartisan, national organization representing the collective interests of the drinking water
program administrators in the 50 states, five territories, the District of Columbia, and the
Navajo Nation who implement the Safe Drinking Water Act (SDWA) every day to ensure the
protection of public health and the economy. ASDWA supports and represents the collective
interests of the states, territories, and the Navajo Nation in their administration of national
drinking water program requirements within their states or territories. The following ASDWA
comments are intended to broadly address the proposed rule, but they do not necessarily
reflect the concerns of individual states.

ASDWA appreciates the opportunity to provide comments to EPA on the proposed perchlorate
rule, as it is an important rulemaking. This proposal has been over 21 years in the making, with
perchlorate being listed on the First Contaminant Candidate List (CCL1) in 1998 and included in
the First Unregulated Contaminant Monitoring Rule (UCMR1) in 1999. ASDWA commends EPA
for continuing to make regulatory progress throughout those 21 years, and for its focus on
developing a better understanding of the challenging health effects data to use in its
development of a perchlorate proposal.

ASDWA recognizes that EPA has taken a different regulatory approach for this proposal by
proposing a MCLG and MCL of 56 pg/L, as well as MCL options of 18 pg/L and 90 pg/L. EPA used
a similar approach for its proposal for the arsenic regulation in 2000, as EPA took comments on
four proposed MCLs in that proposal. For perchlorate, EPA has also proposed an option for a
negative regulatory determination based on new information indicating perchlorate does not
occur with a frequency at levels of public health concern and there may not be a meaningful
opportunity for risk reduction through a national drinking water regulation, as required by the
Safe Drinking Water Act (SDWA).

1401 WILSON BLVD - SUITE 1225 - ARLINGTON, VA 22209
PHONE (703) 812-9505 - FAX (703) 812-9506 - info@asdwa.org - www.asdwa.org
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The regulatory development process for perchlorate has been reworked several times since the
late 1990s, as EPA proposed a negative regulatory determination in 2008 and then reversed
that proposal with a positive regulatory determination in 2011. In the June 26™ Federal Register
(84 FR 30524), EPA published an option for a negative regulatory determination that would
reverse the 2011 determination. Since the listing of perchlorate on CCL1 in 1998, two of
ASDWA’s members (California and Massachusetts) have developed their own state-level
perchlorate standard for drinking water. Nevada is also using the interim health advisory as a
groundwater cleanup action level for ongoing industrial cleanup actions action in Henderson,
Nevada.

In the proposal, EPA did not take into the account the occurrence data (and the resultant
treatment costs) for the states (California and Massachusetts) that have developed their own
state-level perchlorate standard. One potential concern for future rulemakings based on this
approach is, if the Agency continues to exclude states with state-level standards, future rules
could be based on a smaller and smaller number of states with the inability to require
monitoring or to establish state-level standards.

The ASDWA Board has decided to not take a position on whether to regulate perchlorate or
not. The final decision on whether to regulate perchlorate or not is in the “sole judgment of the
Administrator” and it is hard to argue one way or the other with that judgment call.

However, if EPA decides to move forward with a final regulation for perchlorate, ASDWA
recommends that EPA consider the following items for the final regulation and implementation:
e Monitoring waivers: If EPA decides to move forward with a perchlorate regulation,

monitoring waivers need to be a significant component of the regulation, as
approximately 2/3 of the estimated burden is for monitoring costs. Another significant
component of the estimated burden is administrative costs for states, and it should be
noted that waiver processes are resource-intensive, and an additional estimate would
need to be developed for the increased state administrative burden for waivers. Some
states review monitoring waivers by each sampling point, not by each eligible system as
calculated in the proposed rule. For those states that review waivers for each sampling
point, 8 hours of state review time per eligible system is a gross underestimate. ASDWA
recommends that EPA increase its estimate for the states’ burden for monitoring
waivers. EPA also needs to recognize that any regulatory strategy to reduce the
monitoring burden by the water systems through waivers creates additional
administrative burden for the states with the review of all the waivers. Additionally, as
currently written, 141.23(c){3)-(6) only requires states to consider previous monitoring
history, variation in the results, and system changes in determining waiver eligibility.
EPA’s occurrence data states that perchlorate is highly mobile and persistent, and
exposure can be from man-made sources. Using these sources of exposure in
monitoring waivers determinations are not adequately covered in 141.23(c)(3)-(6). EPA
would need to update this section of the rules and develop monitoring waiver guidance
for states to include potential sources of perchlorate contamination, provide GIS source
mapping for potential contaminant locations, when to void a waiver, and how to
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address new potential sources of contamination (e.g., new munitions site). Each primacy
agency should be able to create their own waiver language that would be approved by
the EPA Region. For example, the past cyanide waiver language (based on no industrial
uses of cyanide) in 141.23(c)(2) could potentially be modified for perchlorate.

Initial monitoring: If EPA decides to move forward with a perchlorate regulation, then
ASDWA recommends four quarters of initial monitoring, to be consistent with the
standardized monitoring framework for other inorganic contaminants.

Monitoring costs: As mentioned above, approximately 2/3 of the estimated burden is
for monitoring costs. It should be noted that some states conduct the monitoring for
water systems, and these costs should be included in the states’ burden in the final
regulation. More information is needed to determine which states collect and analyze
samples for what size systems, but approximately 8-10 states collect and analyze some
or all of compliance monitoring samples. EPA should work with ASDWA during the
development of the final economic analysis to determine the appropriate split of
monitoring costs between the states and the water systems.

MCL exceedances: If EPA decides to move forward with a perchlorate regulation, then
the proposed language for addressing MCL exceedances needs to be updated. As
proposed, addressing perchlorate MCL exceedances and providing appropriate public
notification in a timely manner would be difficult for states to enforce. Under the
proposal, if the level of perchlorate exceeds the MCL, a confirmation sample must be
collected within 2 weeks of notification of results and compliance with the MCL is
determined based on the average of the initial and confirmation samples. However, if
the average exceeds the MCL, Tier 1 public notification is required; which is within 24
hours after learning of the violation. Table 2 to 141.201 defines a Tier 1 public notice as
“NPDWR violations and situations with significant potential to have serious adverse
effects on human health as a result of short-term exposure.” Therefore, EPA has
proposed an acute MCL for perchlorate that is incongruous with the monitoring
requirements of other Tier 1 contaminants. Allowing 2 weeks for an MCL confirmation
sample but requiring 24-hour public notice is confusing and ill-advised. EPA would need
to update the timeline for confirmation sample collection to follow other Tier 1 MCL
exceedances. In addition, EPA did not propose updates to Subpart Q — Public
Notification of Drinking Water Violations Table 1 to 141.202—VIOLATION CATEGORIES
AND OTHER SITUATIONS REQUIRING A TIER 1 PUBLIC NOTICE restricting states’ ability to
enforce the Tier 1 requirement. As this is a federal regulation, Table 1 to 141.202 would
need to be updated to include perchlorate MCL violations.

System Applicability: Based on the above discussion on 24-hour public notice, it
appears to be inconsistent to not have the perchlorate regulation apply to Transient
Non-Community (TNC) systems. If EPA decides to move forward with a perchlorate
regulation, the EPA should provide justification for not including TNCs.

Occurrence data: Some states have concerns with using the UCMR1 monitoring data
that is almost 20 years old. Some states believe this data under-represents national
occurrence. Some states have discovered high levels of perchlorate in small systems
that were not required to monitor during UCMR1. These small system detections
occurred primarily due to aged hypochlorite. Seasonal systems where the hypochlorite
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is stored in the off-season also detected high levels of perchlorate. Additionally, many
seasonal systems are transient water systems that would not be required to monitor
under the proposed rule although an acute MCL level is proposed.

e Cost burden: If EPA decides to move forward with a perchlorate regulation, this would
be the first regulation with a negative cost-benefit. ASDWA recommends that EPA
minimize the negative cost-benefit by evaluating options to reduce both the states’
administrative burden (noting our previous comment on states’ review of monitoring
waivers) and the monitoring costs for states and water systems. As part of its evaluation
of the perchlorate proposal, ASDWA asked states to estimate the number of staff hours
required to read and understand the rule and to develop a primacy package for
perchlorate, as well as a loading percentage for state staff wages. ASDWA received
responses from 20 states and the average for both the hours and the loading
percentage is in the range of EPA’s estimates in its Information Collection Request (ICR)
for the proposed perchlorate regulation. However, it should be noted that the primacy
package for a potential perchlorate regulation would be relatively simple, as it is a single
number for a single contaminant. The state burden for the development and approval of
a primacy package (and for training of state staff) for a more complex rule like the Long-
Term Revisions to the Lead and Copper Rule (LT-LCR) will be significantly higher.

if EPA’s final decision is a negative regulatory determination, other states may find there is an
opportunity for significant public health protection and determine the need for a state-level
standard. Such states would have to follow their own administrative processes for a state-level
standard, and EPA should consider helping states with these processes. For example, EPA could
help states with exposure assessments, evaluation of analytical methods, and/or treatment
technology evaluations.

If EPA’s final decision is a negative regulatory determination, then EPA needs to consider the
Agency’s options for the interim health advisory of 15 pg/L for perchlorate dating back to
December 2008. Leaving this health advisory in place after a negative regulatory determination
would create confusion for the water systems, primacy agencies and the public. While a health
advisory is not a legally enforceable standard, a number is a number to the public. The
expected or anticipated actions due to a water system having any water samples over any
health advisory have shifted over the past four years, since the publication of health advisories
for two cyanobacterial toxins in 2015. The publication of final health advisories in 2016 for
perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS) continued to add to the
uncertainties for water systems and primacy agencies on what the appropriate actions should
be when sample results are over the health advisories.

If EPA’s final decision is a negative regulatory determination, then EPA needs to develop
additional guidance and/or re-publicize existing technical information on the appropriate
management of hypochlorite, as degradation of hypochlorite can contribute to perchlorate
exposure. If EPA decides to move forward with a final regulation for perchlorate, ASDWA
recommends that EPA discuss the potential exposure from hypochlorite degradation and the
appropriate risk management in the final perchiorate regulation.
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ASDWA appreciates the opportunity to comment on these important drinking water issues. If
you have any questions about these comments or would like the states to provide additional
input on the underlying issues, please feel free to email me at arcbarson@asdwa.org or give

me a call at (703) 812-9507.

Sincerely,

J. Alan Roberson, P.E.

Executive Director
Association of State Drinking Water Administrators (ASDWA)

cc: David Ross — EPA OW
Jennifer MclLain — EPA OGWDW
Eric Burneson — EPA OGWDW
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PREFACE

This Public Health Goal (PHG) technical support document provides information on
health effects from perchlorate in drinking water. PHGs are developed for chemical
contaminants based on the best available toxicological data in the scientific
literature. The PHG documents and the analyses contained in them provide
estimates of the levels of contaminants in drinking water that would pose no
significant health risk to individuals consuming the water on a daily basis over a
lifetime. The PHG is a drinking water goal only; therefore, this document does not
evaluate the safe levels of perchlorate in foods or other sources.

The California Safe Drinking Water Act of 1996 (Health and Safety Code, Section
116365) requires the Office of Environmental Health Hazard Assessment (OEHHA)
to perform risk assessments and publish PHGs for contaminants in drinking water
based exclusively on public health considerations. Section 116365 specifies that the
PHG is to be based exclusively on public health considerations without regard to
cost impacts. The Act requires that PHGs be set in accordance with the following
criteria:

1. PHGs for acutely toxic substances shall be set at levels at which no known or
anticipated adverse effects on health will occur, with an adequate margin of
safety.

2. PHGs for carcinogens or other substances that can cause chronic disease

shall be based upon currently available data and shall be set at levels that
OEHHA has determined do not pose any significant risk to health.

3. To the extent the information is available, OEHHA shall consider possible
synergistic effects resulting from exposure to two or more contaminants.

4. OEHHA shall consider the existence of groups in the population that are more
susceptible to adverse effects of the contaminants than a normal healthy
adult.

5. OEHHA shall consider the contaminant exposure and body burden levels that

alter physiological function or structure in a manner that may significantly
increase the risk of iliness.

6. In cases of insufficient data to determine a level of no anticipated risk,
OEHHA shall set the PHG at a level that is protective of public health with an
adequate margin of safety.

7. In cases where scientific evidence demonstrates that a safe dose-response
threshold for a contaminant exists, then the PHG should be set at that
threshold.

Public Health Goal for i OEHHA
Perchlorate in Drinking Water February 2015
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8. The PHG may be set at zero if necessary to satisfy the requirements listed
above.

9. OEHHA shall consider exposure to contaminants in media other than drinking
water, including food and air and the resulting body burden.

10.  PHGs published by OEHHA shall be reviewed every five years and revised as
necessary based on the availability of new scientific data.

PHGs published by OEHHA are for use by the State Water Resources Control
Board (SWRCB) in establishing primary drinking water standards (State Maximum
Contaminant Levels, or MCLs). Whereas PHGs are to be based solely on scientific
and public health considerations without regard to economic cost considerations,
drinking water standards adopted by SWRCB are to consider economic factors and
technological feasibility. Each standard adopted shall be set at a level that is as
close as feasible to the corresponding PHG, placing emphasis on the protection of
public health. PHGs established by OEHHA are not regulatory in nature and
represent only non-mandatory goals. By federal law, MCLs established by SWRCB
must be at least as stringent as the federal MCL if one exists.

In July 2014, responsibility for the state’s drinking water regulatory program was
transferred to SWRCB from the Calfornia Department of Public Health. References
in this document to drinking water monitoring and regulation may cite either or both
entities as appropriate.

Additional information on PHGs can be obtained at the OEHHA web site at
www.oehha.ca.gov.

Public Health Goal for fii OEHHA
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PUBLIC HEALTH GOAL FOR PERCHLORATE IN
DRINKING WATER

SUMMARY

The Office of Environmental Health Hazard Assessment (OEHHA) is publishing a
Public Health Goal (PHG) of 1 part per billion (ppb) (equivalent to 1 microgram
per liter [ug/L]) for perchlorate in drinking water. Perchlorate is an oxidizing
chemical used in a variety of industrial processes. Perchlorate can occur in the
environment either through industrial contamination or from natural sources.
Perchlorate exposure in the U.S. is ubiquitous, mostly from ingestion of
perchlorate in contaminated food or water. In a survey involving an essentially
random sample of people from the U.S., perchlorate was detected in the urine of
every one of the 2,820 subjects tested (Blount et a/., 2006).

Health Impacts from Perchlorate

For this PHG, OEHHA used decreased uptake of iodide by the thyroid gland as
the key biochemical event for assessing the risks due to perchlorate toxicity. The
primary action of perchlorate in humans is inhibition of iodide uptake into the
thyroid gland. The function of the thyroid gland is the production of thyroid
hormone. lodide is a key component in the structure of thyroid hormone, and by
blocking its uptake into the thyroid, perchlorate can potentially cause decreased
production of this hormone.

Thyroid hormone is necessary for a variety of basic human physiologic functions,
including controlling basal metabolic rates; protein, carbohydrate, and fat
metabolism; protein synthesis; proper differentiation and development of cells,
including neuronal cells; and the cognitive and physical development of the fetus,
infant, and child. Evidence suggests that even small decreases in thyroid
hormone levels may be associated with significant adverse effects, including
altered cognitive development in children and increased cardiovascular risk
factors in adults. Importantly, these changes have been seen at thyroid hormone
levels that are within what have been traditionally defined as normal reference
ranges, and have occurred in people without any other evidence of overt thyroid
disease. These findings suggest that small changes in thyroid hormone levels
may be associated with some increased risk of thyroid-related adverse

outcomes.
Public Health Goal for 1 OEHHA
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There is a continuum in the possible health effects from perchlorate exposure
resulting from its effects on the thyroid, and some susceptible groups or
individuals may have perchlorate-related effects at exposures that are lower than
those causing similar effects in healthy individuals. For fetuses, infants and
children, there is the potential for abnormal growth and development. Of
particular concern are effects on brain development. Decreases in thyroid
hormone production in infants are related to decreases in [Q. Much of the
knowledge on the potential effects of perchlorate comes from extensive data on
iodine deficiency in humans.

OEHHA considers effects on thyroid hormone production and subsequent
changes to be adverse. lodide uptake inhibition is the key event that leads to
other possible effects from perchlorate exposure. Prevention of iodide uptake
inhibition prevents progression to the adverse health effects of perchlorate. The
inhibition of iodide uptake by perchlorate has been clearly documented in
humans. The National Academy of Sciences (NAS, 2005) deemed “inhibition of
iodide uptake by the thyroid as the basis of the perchlorate risk assessment to be
the most health-protective and scientifically valid approach.” OEHHA agrees with
this approach and used it in developing its original 2004 PHG for perchlorate.

The Greer et al. (2002) study was used to characterize perchlorate’s inhibition of
iodide uptake for both the current PHG and the 2004 PHG. It might be argued
that the magnitudes of the effects seen in the Greer et al. (2002) study were
relatively small, and might not be noticeable in otherwise healthy individuals.
However, this ignores the impact of these effects on a population basis. Any
downward shift in the mean level of the thyroid hormone T4 in a population could
increase the number of people who fall into the range of T4 values that are
associated with high risks of either subtle or overt thyroid-related disease and
toxicity (Miller et al., 2009).

The perchlorate PHG of 1 ppb is intended to help prevent any perchlorate-related
decrease in iodide uptake by the thyroid that could lead to decreased thyroid
hormone production and that could disrupt the important functions of this
hormone.

Estimating the Acceptable Daily Dose for Perchlorate

The PHG was derived by first calculating an Acceptable Daily Dose (ADD). This
is consistent with the approach taken by the NAS (2005). The ADD is defined as
the estimated maximum daily dose that can be consumed by humans for an
entire lifetime without toxic effects, and is similar in definition to the reference
dose (RfD) used by the U.S. Environmental Protection Agency (U.S. EPA). The
ADD for perchlorate was estimated using data from the human study by Greer et
al. (2002). This is the same study used in developing OEHHA's 2004 perchlorate
PHG, and by the NAS (2005) in developing its perchlorate reference dose.

Public Health Goal for 2 OEHHA
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Health Value from the Greer ef al. Study

In the Greer et al. (2002) study, a daily oral dose of perchlorate was administered
to groups of male and female volunteers for 14 days at doses of 0.007, 0.02, 0.1,
or 0.5 mg/kg-day. Reductions in iodide uptake by the thyroid gland were seen at
all four dose levels, with statistically significant reductions at the highest three
doses. These results were plotted and dose-response relationships fitted to
estimate the dose of perchlorate likely to cause a five percent decrease in iodide
uptake. This dose was defined as the Benchmark Dose (BMD), and its lower 95
percent confidence limit was defined as the BMDL. This is the same method and
data set used to establish the 2004 perchlorate PHG, and the BMD of 6.8 ug/kg-
day and BMDL of 3.7 ug/kg-day are the same. The units ug/kg-day refer to
micrograms (Jug) of perchlorate ingested in one day per kilogram (kg) of body
weight.

OEHHA used the BMD approach rather than the no-observed-effect level
(NOEL) approach for the following reasons. OEHHA, like U.S. EPA, has chosen
to use the BMD approach as the standard method in dose calculations, provided
there are sufficient data to do so. As the U.S. EPA (2012, p. viii) notes, the BMD
approach “involves dose-response modeling to obtain BMDs, i.e., dose levels
corresponding to specific response levels near the low end of the observable
range of the data, incorporates and conveys more information than the [NOAEL,
no-observed-adverse-effect level] or [LOAEL; lowest-observed-adverse-effect
level] process traditionally used for noncancer health effects.” The NAS (2009, p.
129) in its review of U.S. EPA risk assessment practices similarly has recognized
this as a refinement that makes better use of the dose-response evidence
available than do calculations based on NOAELs.

The NOEL approach depends heavily on a single chosen dose level used in a
study, and how closely it is placed relative to the next highest dose. The NOEL
approach treats small and large studies the same, even though small studies,
with their limited number of subjects, are less likely than large studies to find
health effects at any given dose. In this case, the small group sizes in the Greer
et al. (2002) study make it more difficult to detect an effect. For these reasons
reliability of the NOEL approach can vary depending on the size of the study. In
contrast, the BMD approach provides a systematic method for calculating a dose
at a low specific effect level. The BMD approach uses all the dose-response
evidence in the study, incorporates the shape of the dose-response curve, and
takes into account the number of subjects in the study, thus providing a more
reliable calculation. The advantages of using the BMD approach for this PHG
are particularly important given the limited number of subjects that participated in
the Greer et al. (2002) study.

Sensitive Populations

In the next step, the ADD of 0.37 pg/kg-day was calculated by dividing the BMDL
by an uncertainty factor of 10. The NAS also used a 10-fold uncertainty factor in
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developing its perchiorate reference dose (NAS, 2005). This uncertainty factor
reflects the varying susceptibility of humans to perchlorate and was used
because the Greer et al. (2002) study involved only healthy adult volunteers.

A fairly extensive body of evidence suggests that certain population subgroups
may be much more susceptible to the effects of perchlorate than healthy adulits.
In reviewing the literature, OEHHA identified several reasons why infants,
especially those that are born prematurely, are likely to have increased
susceptibility to perchlorate. We also identified several other groups as likely
having increased susceptibility, including fetuses, pregnant women, those with
low intakes of iodine, and those exposed to other chemicals in food and water
that, like perchlorate, also block iodide uptake into the thyroid.

The major change in the current PHG calculation relates to the updated
information on infants as a sensitive population. OEHHA'’s review and updating
of the perchlorate PHG considered the data from several human studies
published after the 2004 PHG and the 2005 NAS review. These studies provided
qualitative support for recognizing that infants are likely to be significantly more
susceptible to perchlorate than healthy adults. Evidence for this includes the
following:

1. New data suggest that many infants may not be receiving adequate iodine
in their diets. In a study of nursing mothers in Boston, 47 percent of
breast milk samples did not contain enough iodine to meet the infant
iodine intake recommended by the Institute of Medicine (Pearce et al.,
2007). Perchlorate-related toxicity is likely to be greater in infants who are
already deficient in iodine.

2. OEHHA’s analysis of data from studies conducted in California and
elsewhere provide evidence that thyroid hormone levels in infants were
adversely affected by perchlorate at exposure levels that were much lower
than the levels shown to cause no effects in healthy adults (Kelsh et al,,
2003; Brechner et al., 2000; Buffler et al., 2006; Steinmaus et al., 2010; Li
et al., 2000a; Crump et al., 2000).

3. Young infants have low stores of thyroid hormone (less than one day's
worth, compared to several weeks’ worth in adults) (van den Hove et al.,
1999). Because of these low stores, infants may be less able to tolerate
transient periods of decreased iodide uptake and decreased thyroid
hormone production compared to adults.

4. Human data suggest that perchlorate can interact with other contaminants
to produce a greater effect than that caused by perchlorate alone (Blount
et al., 2006; Steinmaus et al., 2007), and infants are exposed to these
same contaminants.

In the 2004 PHG, an uncertainty factor of 10 was applied to address all sensitive
groups (pregnant women, lactating women, thyroid compromised adults) except

infants, where an uncertainty factor of 3 was used. However, given the evidence
discussed above, the extent and ways infants are likely to be more susceptible to
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perchlorate than healthy adults, and the fact that the Greer et al. (2002) study
included only healthy adults, OEHHA has increased the uncertainty factor
applied to infants from the factor of 3 used in the 2004 PHG to a factor of 10 in
this updated PHG. This was one factor that resulted in the lowering of the
updated PHG. The other factor driving the change in the PHG value is the use of
updated drinking water intake rates for infants, described below.

Calculating the PHG

The ADD was then used to develop the PHG in the following two steps. First, the
ADD was converted into an acceptable drinking water perchlorate concentration
(in units of ug of perchlorate per liter (L) of drinking water). This was done by
dividing the ADD by a drinking water intake rate expressed in terms of liters of
water consumed per day per kilogram of body weight. The second step involves
accounting for perchlorate intake from sources other than drinking water.

Water Consumption by Infants

The water consumption rate by infants is one of the factors that influence the final
PHG. The recent analysis by OEHHA (2012) of data available from a large
survey of food and beverage intake conducted by the U.S. Department of
Agriculture shows that drinking water intakes per kilogram of body weight are
higher in infants than previously thought. This means that infants are likely to
have greater perchlorate exposure per kilogram of body weight for a given
concentration of perchlorate in drinking water than was estimated in the 2004
PHG.

OEHHA used its new analysis and chose the 95th percentile drinking water
intake rate instead of an average rate in order to protect the infant population,
and not just those with average drinking water consumption. Infants who drink
more water will have a greater exposure to perchlorate and thus may be at
greater risk. In this case the bottle-fed infant will have the greatest intake of
water and exposure to water contaminants.

The 95th percentile value of 0.237 L/kg-day for drinking water intake per body
weight for infants aged 0-6 months (OEHHA, 2012) was used in the PHG
calculations. For comparison, U.S. EPA (2009) typically assumes that infants
and children drink 1 liter (L) per day and that they weigh 10 kilograms, that is 0.1
L/kg-day. Using the U.S. EPA value would result in a PHG of 2.7 ppb instead of 1

ppb.

Relative Source Contribution: Addressing Perchlorate Exposure from Other
Sources

In the second step of the PHG calculation, an adjustment was made to account
for perchlorate intake from sources other than drinking water. Because the ADD
is the acceptable daily dose for all sources of perchlorate intake combined (i.e.,

Public Health Goal for 5 OEHHA
Perchlorate in Drinking Water February 2015

ED_005043_00078937-00012



food plus water), estimated intakes from food must be accounted for when
developing a PHG for drinking water. This is a standard approach for developing
drinking water criteria and is also required under Health and Safety Code Section
116365 (c)(1)(C)(iv). In OEHHA'’s review, it was determined that food was the
only other significant source of perchlorate exposure in the large majority of
people. Intake from food is accounted for by multiplying the ADD by the relative
source contribution (RSC), defined as the fraction of the ADD (which
incorporates perchlorate from food plus water) expected to come from water.
Since infants were identified as a susceptible group, the amount of perchlorate
expected to come from food was estimated using the median perchlorate levels
in powdered infant formula reconstituted with perchlorate-free water (Schier et
al., 2010).

Based on these data, OEHHA calculated a RSC of 0.73. These two steps were
used to develop an updated health-protective concentration (C) based on the
following calculations: C = ADD x RSC + drinking water rate = 0.37 ug/kg-day x
0.73 = 0.237 L/kg-day = 1 ug/L, thatis 1 ppb. Thus, the PHG for perchiorate in
drinking water is 1 ppb.

Comparison with Other Agencies

In 2004 a PHG of 6 ppb was set for perchlorate, and the California Maximum
Contaminant Level (MCL) for perchlorate was subsequently set at 6 ppb (Ting et
al., 2006). Currently, there is no federal MCL for perchlorate. The current
OEHHA PHG of 1 ppb updates the PHG of 6 ppb set in 2004.

PHGs published by OEHHA are for use by the State Water Resources Control
Board (SWRCB) in establishing primary drinking water standards, that is, the
California MCLs. In developing the PHG for perchlorate, OEHHA'’s approach
follows that used by the NAS (2005) to develop its reference dose in several key
areas:

1. Both OEHHA and NAS identified the Greer et al. (2002) human study as
the critical study for evaluating the effects of perchlorate.

2. Both OEHHA and NAS chose iodide uptake inhibition in the Greer et al.
(2002) study as the key effect on which to base their calculations.

3. Both OEHHA and NAS noted that the subjects in the Greer et al. (2002)
study were healthy adults and concluded that some people may be more
susceptible to perchlorate than these healthy adult subjects. For this
reason, both OEHHA and NAS applied an uncertainty factor of 10 to
calculate a dose that would address inter-individual variability among
humans and be protective of those who are likely to be sensitive to the
effects of perchlorate.

4. Both OEHHA and NAS identified the same populations likely to be more
sensitive to perchlorate exposure: fetuses, preterm newborns, infants,
developing children, pregnant women, people who have compromised
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thyroid function resulting from conditions that reduce thyroid hormone
production, and people who are iodine-deficient.

There is only one substantive difference between the OEHHA and NAS

analyses. The NAS used the no-observed-effect level (NOEL) approach. They
determined that the NOEL was 0.007 mg/kg-day, the highest dose in the Greer et
al. (2002) study that was not associated with a statistically significant response.
OEHHA used the Benchmark Dose (BMD) approach and calculated a point of
departure of 0.0037 mg/kg-day. As discussed above, the BMD method is a
statistical method that is now widely recognized as a better approach because it
incorporates more dose-response information from the study than the NOEL
method (NAS, 2009; U.S. EPA, 2012).

From the NOEL, the NAS calculated a reference dose of 0.0007 mg/kg-day (the
NOEL divided by the uncertainty factor of 10). OEHHA similarly calculated an
ADD of 0.00037 mg/kg-day (the BMD-derived point of departure divided by the
same10-fold uncertainty factor). Thus the two approaches differ by less than a
factor of 2. The NAS did not take the next step to calculate an acceptable
drinking water level for perchlorate.

Conclusion

In conclusion, the primary toxic mechanism of perchlorate is a reduction in iodide
uptake into the thyroid gland. If severe enough, this can lead to reduced thyroid
hormone production. Adequate supplies of thyroid hormone are vital for a variety
of physiologic processes, and even small reductions in thyroid hormone have
been associated with increased cardiovascular disease risk factors, abnormal
fetal brain development, and altered childhood cognition. The purpose of this
updated PHG of 1 ppb is to identify a level of perchlorate in drinking water that
prevents perchlorate-related reductions in thyroidal iodide uptake and
subsequent decreases in thyroid hormone production that may be associated
with any of these adverse health effects.
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1. INTRODUCTION

Purpose

The purpose of this document is to evaluate current scientific information on
perchlorate in order to update the health-protective concentration estimate, or
Public Health Goal (PHG), for perchlorate in drinking water. PHGs are based on
a comprehensive analysis of information on the toxicology of drinking water
contaminants, and are based solely on protection of public health without regard
to cost impacts or other factors. PHGs for carcinogens are set at a de minimis
risk level of one in a million (10®), assuming a lifetime of exposure to the
chemical in the drinking water. PHGs for noncarcinogens are based on levels
estimated to be without risk of any adverse effects for exposures up to a lifetime,
to the general population as well as any significant identifiable sensitive
subpopulations.

Perchlorate is a ubiquitous environmental contaminant. It is apparently formed
by sunlight or lightning interacting with oxygen and chlorine in the atmosphere,
and falls to the earth in rain (Dasgupta et al., 2005; Mohan, 2010). Plants can
accumulate perchlorate from the water they take up. Perchlorate is also released
to the environment from its use in highway flares, fireworks and other explosives,
and rocket fuel. People are primarily exposed to perchlorate through
consumption of food and water.

Exposure to perchlorate may cause harmful health effects due to its competition
with iodide for uptake into the thyroid gland. lodide is used by the thyroid gland
to make the thyroid hormones thyroxine and triiodothyronine (also known as T4
and T3). Decreased uptake of iodide can decrease production of thyroid
hormone and impair normal metabolism and growth. Several other chemicals
that people are commonly exposed to, such as nitrate, thiocyanate, and bromide,
can also compete with iodide for uptake into the thyroid. Maintenance of normal
production of thyroid hormone depends on the availability of iodide, obtained
mostly from the diet, as well as the combined effects of the various competitors
for iodide uptake.

This document represents an update of an earlier health risk assessment of
perchlorate conducted by OEHHA that resulted in the publication of a PHG in
2004. This revision takes into account information which suggests that infants
can be especially susceptible to perchlorate, along with pregnant women and
their fetuses and those with iodine deficiencies. This revision also incorporates
the higher drinking water consumption values described by OEHHA (2012) to be
more protective of the entire population.
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Chemical Profile
Chemical Identity

Perchlorate (ClOy") is the most oxygenated member of a series of four anions
made up of chlorine and oxygen. The anion has a charge of negative one, and
can form an acid or a salt in combination with H* or another cation such as
sodium, potassium or ammonium. Perchlorate salts are ionic, and dissociate
completely when dissolved in water. This risk assessment is for the perchlorate
anion in water, regardless of the cation.

Physical and Chemical Properties

Ammonium perchlorate (NH4CIQ,), the salt used as an oxidizer in rocket
propellants, is a white, crystalline solid. As ammonium perchlorate is the major
source of most of the perchlorate that has been detected in drinking water
sources in California and Nevada (U.S. EPA, 1998a), it is used as the model
compound to illustrate some of the physical and chemical properties of
perchlorate salts (Table 1).

Table 1. Physical and Chemical Properties of Ammonium Perchlorate (from
HSDB, 2010)

Property Value or Information

Molecular Weight 117.49

Color/Physical State White orthorhombic crystals

Melting Point 130°C, starts to decompose at 439°C

Solubility in water 200 g/L at 25°C

Solubility in organic Soluble in methanol, slightly soluble in ethanol

solvents and acetone, almost insoluble in ethyl acetate,
ether

Density 1.95 g/em?®

Production and Uses

Ammonium perchlorate is used as an oxidizer in solid rocket propellant. Sodium
perchlorate is used in slurry explosives, and potassium perchlorate is used in
road flares and air bag inflation systems. The manufacture of perchlorate salts
begins with the electrolysis of brine (sodium chloride in water) to first form

sodium chlorate (NaClOs) and then sodium perchlorate (NaClO4). This is reacted
with ammonium chloride to form ammonium perchlorate (NH4CIlO4) and sodium
chloride. The solution is cooled, and the ammonium perchlorate crystals are
dried and packaged.
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Ammonium perchlorate is mixed with metallic aluminum in a synthetic rubber
base to make rocket fuel. This type of fuel is used in the Minuteman missile,
which has been deployed in the United States since 1961. Perchlorate salts are
also used as a component of air bag inflators, in nuclear reactors and electronic
tubes, as additives in lubricating oils, in tanning and finishing leather, as a
mordant for fabrics and dyes, and in electroplating, aluminum refining, rubber
manufacture, and the production of paints and enamels (U.S. EPA, 2002).

Perchlorate has been used as a growth promoter in leguminous plants
(Verteletskaya et al., 1974; as cited in Von Burg, 1995), livestock (sheep and
cattle) and poultry (Yakimenko et al., 1981; as cited in Von Burg, 1995).
Research from the former Soviet Union indicated that weight gains in livestock of
3 to 31 percent were obtained by addition of ammonium perchlorate to the feed.
Feed expenditure was also reduced 7-18 percent. The optimum dose was
estimated to be 2-5 mg/kg (Grayson, 1978). Weight gains in livestock may be
secondary to hypothyroidism and decreased metabolic rates. This is most likely
a non-nutritive effect associated with the inhibition of thyroid hormone production
and subsequent hypothyroidism.

Perchlorate has no known nutritional use. In 1952, investigators observed that
perchlorate displaces iodide from the rat thyroid (Wyngaarden et al., 1952).
Since then perchlorate has been widely used in laboratory studies on the thyroid
to block entry of iodide into the thyroid, or to cause discharge of noncovalently
bound iodide previously accumulated in the thyroid (Wolff, 1998).

Environmental Occurrence and Human Exposure

Perchlorate can apparently be formed by sunlight or lightning interacting with
oxygen and chiorine in the atmosphere (Dasgupta et al., 2005; Mohan, 2010).
As perchlorate falls to the earth in rain, it can distribute at low levels throughout
the environment, in both soil and water. Plants can accumulate perchlorate from
the water they take up (U.S. EPA, 2001a; Jackson et al., 2005; Sanchez et al.,
2005 a,b, 2008).

Perchlorate is also released to the environment from its use in highway flares,
fireworks and other explosives, and rocket fuel. Perchlorate salts have been
widely used as an oxidizer in solid propellants for rockets and missiles since the
mid-1940s. Because of its finite shelf life, the propellant containing perchlorate
has been periodically washed out of the United States’ missile and rocket
inventory to be replaced with a fresh supply (U.S. EPA, 1998a). As a
consequence of this practice, large volumes of perchlorate have been disposed
of since the 1950s. Some of this has leached into soil, and into aquifers used for
drinking water. Perchlorate is highly mobile in aqueous systems and can persist
for many decades under typical ground and surface water conditions (U.S. EPA,
1998a).
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Air

Some unreacted perchlorate is occasionally released to the atmosphere during
the launch of solid fuel rockets. Releases have also occurred as a conseguence
of open burning and detonation of old rocket fuel or surplus materials. No data
were found on levels of perchlorate in ambient air.

Perchlorate dust can also be suspended in air, and can be inhaled by individuals
working in areas where perchlorate is manufactured (Lamm et al., 1999).

Soil

As a result of past disposal practices, including replacement of rocket fuel
supplies noted above, soil and groundwater near the facilities that had been
engaged in rocket fuel manufacturing and disposal are contaminated (U.S. EPA,
1998a). Releases to soil might also have occurred because of the past open
burning and open detonation of perchlorate-containing material. Another way in
which soil can become contaminated is by irrigation with perchlorate-
contaminated water.

A report by TRC Environmental Corporation (1998) raised the concern that some
chemical fertilizers may be contaminated with perchlorate. In the past, some
fertilizers derived from Chilean caliche (a natural perchlorate source) were found
to be contaminated with perchlorate. Since this discovery, the producer of
Chilean caliche has changed its practice and eliminated the perchlorate
contamination. U.S. EPA (2001b) tested a variety of fertilizers collected from
representative sites around the nation and did not find perchlorate contamination
to be a problem.

Water

Drinking water sources have become contaminated with perchlorate as a
consequence of soil pollution in areas where solid rocket fuel has been
manufactured, used, or disposed of. Perchlorate salts are soluble in water and
once dissolved, perchlorate ion can persist in surface and ground waters for
several decades (U.S. EPA, 1998a).

Until March 1997, the detection limit for perchlorate in water was rather high, at
400 ug/L (ppb). In March 1997, California Department of Health Services (DHS),
now the California Department of Public Health (DPH), developed a more
sensitive analytical procedure, using ion chromatography, and achieved a
detection limit in the 4-5 ppb range (DHS, 2000). Shortly thereafter, the new
technology was adopted by a number of commercial laboratories. U.S. EPA
Method 314.0 (Federal Register, 2000) now exists for analysis of perchlorate in
water and has a detection limit as low as 0.5 ppb.
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Since March 1997, California DPH (and now SWRCB) has reported
measurements of perchlorate concentrations in thousands of drinking water
sources and wells throughout the state. Between 2010 and 2013, perchlorate
concentrations above 4 ppb were reported in 248 drinking water sources in
California (Table 2).

Urbansky et al. (2000) analyzed samples of eight domestic brands and eight
imported brands of bottled water and did not find perchlorate (with a detection
limit of 5 ppb) in any of the samples.

Blount et al. (2010) measured perchlorate concentrations in tap water samples
collected from 3,262 subjects from the 2005-6 United States National Health and
Nutrition Examination Survey (NHANES), and reported a geometric mean of
0.714 pg/L (95% confidence interval (Cl), 0.551-0.998 ug/L). Using these
measurements, and 24-hour recall data on tap water consumption, the authors
estimated a median perchlorate intake of 9.11 ng/kg-day from tap water for U.S.
men and women over age 12. The relevance of these findings to California,
especially to those areas with documented perchlorate contamination, is
unknown, and estimated intakes in potentially susceptible groups such as infants
were not reported.

Food

Plants take up perchlorate from water, and probably also from fertilizers which
contain perchlorate (U.S. EPA, 2001a; Trumpolt ef al., 2005). In a greenhouse
study, U.S. EPA researchers watered lettuce plants with one of five different
concentrations of perchlorate (0.1, 0.5, 1.0, 5.0, and 10.0 pg/mL) for a period of
90 days following planting. They found perchlorate levels rose steadily over the
first 50-60 days, and then generally leveled off. The amount of perchlorate
detected in the leaves correlated with the water concentration. At about 50 days
into the study, the lettuce irrigated with 10.0 ug/mL (ppm) perchlorate had a
perchlorate content of about 300 ug/g on a wet weight basis (U.S. EPA, 2002).
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Table 2. Reported Perchlorate Detections in California 2010-2013
(from SWRCB, 2014) "

Peak 2 4 ug/L Peak 2 6 pg/L
County No. of No. of No. of No. of H;E‘e*;ft
Sources | Systems | Sources | Systems
(Hg/L)

Contra Costa 1 1 1 1 7.9
Fresno 1 1 - - 4.5
Kern 2 2 1 1 14
Los Angeles 98 31 68 21 108
Monterey 1 1 - - 4.8
Orange 11 7 3 2 9

Riverside 49 8 38 8 68
Sacramento 2 1 2 1 13
Sgpnar dino 57 19 37 16 94
San Diego 10 2 8 2 9.9
Santa Barbara 1 1 - - 4.6
Santa Clara 5 4 3 3 10
Sutter 3 3 1 1 10
Tulare 6 3 5 3 20
Ventura 1 1 - - 5.2

TOTAL 248 85 167 59 -

4 Data for perchlorate were extracted from the water quality monitoring database
(http://Iwww.waterboards.ca.gov/drinking_water/certlic/drinkingwater/EDTlibrary.sht
ml).

®Where raw and treated samples or other results indicate more than one sampling
point for the same source, they are counted as coming from a single source. All
detections greater than the detection limit for purposes of reporting (DLR),
however, are available here:
http://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/Documents/Per
chlorate/perchloratedetects2010-2013forweb xIs.

Scientists at Texas Tech University (Lubbock, Texas) developed sensitive
methods for assaying perchlorate in biological samples and reported perchlorate
accumulation in a variety of crops as well as in animals, trees and aquatic plants
(Smith et al., 2001, 2004; Tan et al., 2004; Yu et al., 2004; Jackson et al., 2005).
Concentration factors well over 100-fold, compared to the concentration in the
water, were reported in some plants. Sanchez et al. (2005a,b) showed that
perchlorate accumulated in lettuce and other leafy vegetables when grown with
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Colorado River water contaminated with perchlorate at low ppb levels. Later
studies by the same workers documented uptake in a wider variety of crops
(Sanchez et al., 2006, 2008).

In 2004-5, the U.S. Food and Drug Administration (U.S. FDA) measured
perchlorate concentrations in many different types of foods. Results for 27 foods
and beverages collected from areas where perchlorate was known to
contaminate drinking water were reported (U.S. FDA, 2009). Multiple assays
were conducted on each product, for a total of 775 results. Reported average
values ranged from 0.15 ppb (ug/L) in potatoes (set at one-half the limit of
detection, since all values were non-detect) to 92.4 ppb in “greens.” Shrimp was
second-highest, at 19.83 ppb. Cow’s milk averaged 5.81 ppb.

Using food consumption estimates from the U.S. Department of Agriculture’s
Continuing Survey of Food Intake by Individuals (CSFIl 1994-96 and 1998
Supplemental Children’s Survey), U.S. FDA estimated dietary perchlorate
consumption for various population groups. Mean perchlorate intake of persons
aged 2 years and above was estimated to be 0.053 ug/kg-day. The estimated
mean intakes for children aged 2-5 years, and for females aged 15-45 years,
were 0.17 and 0.037 pg/kg-day, respectively. The estimated 90™ percentile
intakes were 0.12 ug/kg-day for all people aged 2 years and older; 0.34 ug/kg-
day for children aged 2-5 years; and 0.074 ug/kg-day for females aged 15-45
years.

More recently, U.S. FDA has included perchlorate analysis in its Total Diet Study,
which involves a periodic analysis of 285 foods selected to be representative of
the total U.S. diet. As reported by Murray et a/. (2008), food products were
sampled in 2005-2006. Estimates of perchlorate intake were made using the
CSFIl data as described above. Upper and lower bound consumption estimates
for various population groups are shown in Table 3. These perchlorate exposure
estimates tend to be higher than the earlier FDA estimates, but they cover more
foods.

There are concerns that breast milk may represent an exposure pathway for
infants. In a study reported by Yu (2000), groups of female rats were treated with
perchlorate in drinking water at 0, 0.01, 0.1, 1, and 10 mg/kg-day throughout
gestation and lactation. On postnatal day 10, the rats were milked. Yu found the
levels of perchlorate in milk were about twice as high as the corresponding levels
in maternal serum across all doses, suggesting that perchlorate is actively
sequestered into milk. Clewell et al. (2003) reported that perchlorate was indeed
transferred to the pup through suckling as perchlorate was detected in milk, as
well as in the neonate serum, gastrointestinal contents, and skin.

Human mammary gland during lactation has been shown to express the sodium-
iodide symporter (NIS), the protein responsible for moving iodide into the thyroid
and, in this case, into breast milk. The mammary gland may have the capability
to actively secrete perchlorate into the breast milk (Vayre et al., 1999; Tazebay et
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al., 2000). Another concern is that iodide in breast milk is necessary for thyroid
hormone synthesis by the newborn. Perchlorate inhibits the NIS in the lactating
mammary gland and can interfere with the secretion of iodide into breast milk.
This reduction in iodide transfer has been seen in cows and goats (Howard et al.,
1996; Lengemann, 1973; Mountford et al., 1987).

Rice et al. (2007) analyzed the relationship between perchlorate in feed given to
dairy cows and the resulting levels in milk. They reported that significant
perchlorate exposures occurred from perchlorate in corn silage, alfalfa, and
grass. Sanchez et al. (2008) also showed that perchlorate in alfalfa makes a
major contribution to perchlorate levels in the milk of dairy cows.

Table 3. Estimated Perchlorate Intakes from U.S. FDA’s Total Dietary
Survey: Results for 2005-2006 (as reported in U.S. EPA, 2008b)

Perchlorate intake from food
Population group ug/kg-day
Lower-bound Upper-bound
Infants 6-11 mo. 0.26 0.29
Children 2yr. 0.35 0.39
Children 6 yr. 0.25 0.28
Children 10 yr. 0.17 0.20
Teenage Girls 14-16 yr. 0.09 0.11
Teenage Boys 14-16 yr. 0.12 0.14
Women 25-30 yr. 0.09 0.11
Men 25-30 yr. 0.08 0.1
Women 40-45 yr. 0.09 0.11
Men 40-45 yr. 0.09 0.1
Women 60-65 yr. 0.09 0.10
Men 60-65 yr. 0.09 0.1
Women 70+ yr. 0.09 0.11
Men 70+ yr. 0.11 0.12

Kirk et al. (2005) analyzed perchlorate concentrations in 47 different samples of
dairy milk from 11 different states and 36 human milk samples from lactating
women from 18 different states. Detectable levels of perchlorate were found in
all but one of the samples tested. The mean perchlorate concentration in the
breast milk samples was 10.5 ug/L. lodine concentrations in milk were inversely
correlated with perchlorate concentrations, but only in the six samples with
perchlorate concentrations above 10 ug/L (coefficient of variation (R?) > 0.9). In
a later study, Kirk et al. (2007) measured perchlorate levels in 10 lactating
women in six breast milk samples per day per woman for three days. The mean
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perchlorate concentration was 5.8 ug/L (standard deviation (SD) + 6.2 ug/L).
Considerable variability was seen both among and between individuals.

Pearce et al. (2007) measured breast milk perchlorate levels in 49 women from
the Boston area and in 17 different infant formulas. Perchlorate was detectable
in all 49 breast milk samples tested and in all 17 infant formula samples tested.
The median breast milk perchlorate concentration was 9.1 pg/L. This was about
3 times higher than the median perchlorate concentrations in the urine samples
of these women. There was no correlation between breast milk iodine and
perchlorate concentrations (R? = 0.05, p = 0.1), and no correlation in those
women with breast milk perchlorate concentrations above 10 ug/L. The median
breast milk iodine concentration was fairly low (median = 155 ug/L; range, 2.7 -
1968) and the authors estimated that 47 percent of the breast milk samples did
not contain enough iodine to meet the infant iodine intake recommended by the
Institute of Medicine.

Dasgupta et al. (2008) measured perchlorate, thiocyanate, and iodine in the urine
and breast milk of 13 breastfeeding women. The mean breast milk perchlorate
concentration was 9.3 ug/L (SD + 7.5 ug/L). Selectivity factors were determined
for each chemical based on the relative excretion of each in breast milk and
urine. Total perchlorate excretion was based on urinary and breast milk
excretion only and possible excretion via other pathways was ignored. The
median fraction of total excretion in the milk for perchlorate, thiocyanate, and
iodine were 0.541, 0.053, and 0.177. The selectivity factors for perchlorate over
iodide transport, and thiocyanate over iodide transport, were 3.14 and 0.27,
respectively. The authors note that these transport selectivities are an order of
magnitude lower than those indicated in in vitro studies. The authors did not
specifically report a correlation coefficient for the relationship between breast milk
iodine and perchlorate concentrations but did note that in their plot of these data
(their Figure 3) that there were no subijects in the high iodine-high perchlorate
quadrant.

More recently, Valentin-Blasini et al. (2011) measured perchlorate in urine
samples from 92 infants ages 1-377 days and estimated perchlorate intake
doses based on these measurements. The median estimated intake was 0.160
Mg/kg-day. Of the 205 individual dose estimates (multiple urine samples were
collected from each subject), 9 percent exceeded the NAS (2005) reference dose
of 0.7 ug/kg-day. Breast-fed infants had a higher estimated perchlorate exposure
dose (geometric mean = 0.220 ug/kg-day) than infants consuming cow milk-
based formula (geometric mean = 0.103 ug/kg-day, p < 0.0001) or soy-based
formula (geometric mean = 0.027 ug/kg-day, p < 0.0001).

Kirk et al. (2013) used data on daily water intake, daily urine volume, predicted
daily milk volume, and perchlorate concentrations in water, urine, and breast milk
samples from 13 lactating women in Texas to estimate average daily exposure to
perchlorate from food and water. The amount of perchlorate from water was
estimated by multiplying the amount of daily water intake from each water source
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used by the subject by the perchlorate concentration in samples of that water
source and summing the results across all water sources. The amount of
perchlorate from non-water sources (presumably mostly food) was then
estimated by subtracting the estimate of exposure from water from the total
amount of perchlorate excreted in urine and breast milk. The mean urinary
perchlorate concentration was 3.6 pg/L, with a mean estimated daily urinary
perchlorate excretion of 5.8 (£5.3) ug. Total excretion of perchlorate in breast
milk was not provided, although based on perchlorate milk concentrations and
typical milk consumption rates in infants the authors estimated that the average
daily transfer of perchlorate to infants through breast milk was 12.87 (+8.99) ug.
Using urine and breast milk perchlorate excretion rates, the mean maternal daily
dose of perchlorate was estimated to be 0.186 pg/kg-day with an estimated
0.173 ug/kg-day (93 percent) coming from non-water sources. Importantly, mean
perchlorate water concentrations in this population were low (0.46 ug/L £1.11) so
these data are likely not relevant to subjects who live in areas with greater
perchlorate contamination in drinking water.

Huber et al. (2011) used urinary concentrations of perchlorate measured in the
2001-2 NHANES and drinking water perchlorate concentrations from the U.S.
EPA Unregulated Contaminant Monitoring Rule (UCMR) database to estimate
the possible amount of perchlorate exposure due to food and water in U.S. adults
and children ages 6 and older. The UCMR database included perchlorate water
concentrations in a “near census” of 3,086 large public water systems (those
serving >10,000 people) and 797 representative small public water systems,
measured between 2000 and 2005. NHANES is a large, essentially nationally
representative survey performed in the U.S. by the Centers for Disease Control
and Prevention. Residential location for NHANES subjects was only available to
the researchers on a county-level basis. Subjects in NHANES with urinary
perchlorate measurements were divided into one of three bins. Bin | (n=320)
included subijects residing in counties where at least one water system had at
least one UCMR water perchlorate measurement above the detection limit of 4
Mg/L. Bin 1l (n=2,059) included subjects residing in counties where a drinking
water system had been sampled for perchlorate but all measurements were
below the detection limit. Bin Il (n=325) included subjects who had no UCMR
measurements for a water system in the county in which they resided. Estimates
of 24-hour perchlorate intake were calculated for all subjects using single spot
urinary perchlorate concentrations with adjustments for urinary creatinine.
Estimates in Bin Il subjects were assumed to represent typical daily exposure
from food, while the difference in estimates between Bins | and |l was assumed
to represent typical daily exposure from water. Overall, the mean estimates were
0.081 ug/kg-day in Bin Il (food only) subjects and 0.101 ug/kg-day in Bin |
subjects (food + water), and the authors estimated that about 19.7 percent of
perchlorate exposure in subjects from exposed counties came from water.
Estimates of intakes from water in specific age groups ranged from 2.1percent
for ages 6-11 to 25.6 percent for ages 12-19. Overall, these data suggest that
food is typically the predominant source of perchlorate for most people in the
U.S. Potential weaknesses included the fact that not all water systems were
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measured (i.e., many smaller public water systems and all private wells were not
measured), the potential impact of fasting was not accounted for, data on the
amount of water consumption subjects had from any particular water source was
not incorporated, and no estimates were available for children under age 6. Also,
the detection limit for perchlorate at the time the water sources were measured
was 4 pg/L, so there is little information in this study on the impacts of lower
exposures (i.e., those above zero but below 4 ug/L). In addition, many counties
have multiple water systems with highly variable perchlorate levels. As such, itis
likely that many people in a county with a single positive drinking water
perchlorate measurement will actually be drinking water from a system with very
low or no perchlorate. The inclusion of these lower exposure people in Bin |
would lead to underestimates of the true intake of perchlorate from drinking
water. Because of these weaknesses, the specific contribution of perchlorate
from water in people who have elevated levels of perchlorate in their drinking
water cannot be accurately estimated using the data from this study.
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2. METABOLISM AND PHARMACOKINETICS

Absorption

Test data from human studies indicated that perchlorate is readily absorbed from
the gastrointestinal tract and excreted primarily via the urine. Eichen (1929; as
cited in Stanbury and Wyngaarden, 1952) orally administered 1-2 g perchlorate
to patients and recovered 70 percent of the dose in the urine in 12 hours and 85-
90 percent in 24 hours. In a similar experiment, two human subjects each drank
a solution of 794 mg of sodium perchlorate dissolved in 100 mL of water
(Durand, 1938). Fifty percent of the administered dose was recovered in the
urine by five hours and 95 percent in 48 hours. These human data suggest
absorption of perchlorate through the oral route is virtually complete.

Besides the thyroid, the sodium-iodide symporter (NIS) appears to be expressed
and active in mammary gland, salivary glands, gastric mucosa, and placenta
(Vayre et al., 1999; Tazebay et al., 2000; de la Vieja et al., 2000; Mitchell et al.,
2001). These transport systems exhibit functional similarities with their thyroid
counterpart and may play a role in the absorption of iodide into the body.
Because perchlorate is completely ionized in aqueous systems, its permeability
through intact skin is expected to be limited (U.S. EPA, 1998a). Inhalation
exposure during showers is considered possible but not likely to be an important
route of exposure. This is because the droplets produced in showers are
generally too large to be inhaled. Exposure to vapors of the chemical via the
inhalation route is expected to be negligible because of the low vapor pressure of
perchlorate salts at room temperature. However, inhalation of airborne
perchlorate particles could be an important exposure route in occupational
settings. Lamm et al. (1999) studied a group of workers in a perchlorate
production plant and reported that there was a correlation between airborne
perchlorate dust concentration and the amount of perchlorate excreted in urine.

Distribution

Anbar et al. (1959) injected white rats and rabbits intraperitoneally with
radiolabeled potassium perchlorate (approximately 3-14 mg per animal) and
measured the specific activity per gram of tissue in various organs from 30
minutes to 12 hours post administration. The ratio of the specific activity of
perchlorate in thyroids versus the specific activity in blood reached a limiting
value of 4.3 £ 0.3 in both rats and rabbits, at about 6 hours after the injection.
These data demonstrate that the thyroid of these species concentrates
perchlorate ions. There were also indications that perchlorate is retained in the
salivary gland and testes.

Chow et al. (1969) measured perchlorate uptake using radiolabeled perchlorate
in male Sprague-Dawley rats. Rats were injected with 0.1, 0.2, or 5.0 meg/kg of
perchlorate (14, 28, or 690 mg/kg, respectively) two hours prior to sacrifice. At
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the low and middle doses, radiolabeled perchlorate concentrations in the thyroid
were higher than those in the blood. At the high dose, perchlorate
concentrations in the thyroid and blood were about the same. In a similar study,
rats were exposed to 0.69, 1.4, 2.8, 6.9, or 14 mg/kg of perchlorate. The
apparent accumulation of perchlorate in the thyroid, as reflected by the
thyroid/blood ratio (which ranged from 31.1 to 2.5), was found to be inversely
related to the perchiorate dose (U.S. EPA, 2002).

Chow and Woodbury (1970) also studied perchlorate accumulation by the
thyroid. They administered perchlorate by intraperitoneal injection at 0.69, 14, or
280 mg/kg to groups of male Sprague-Dawley rats. The treated rats were
sacrificed at 0.033, 0.067, 0.13, 0.2, 0.5, 1.0, 2.0, and 4.0 hours after dosing.
The amount of perchlorate accumulation in the thyroid compared to that in the
plasma was highest at the lowest dose. At the higher doses (at or above 14
mg/kg), the level of perchlorate in the thyroid was lower than in the plasma.

It has been shown that perchlorate inhibits iodide transport into the thyroid.
Thyroid tissues can also concentrate several related monovalent anions.
Measurement of the ability to be concentrated by thyroid tissues, or to inhibit
iodide transport, has resulted in the following potency series for monovalent
anion-based inhibition of iodide transport in thyroid slices: TcO4 2 ClO4 > ReOy4
> SCN™ > BF4 > "> NO3 > Br > CI" (Woilff, 1964, as cited in Wolff, 1998). These
relative potencies are based on in vitro data and high anion concentrations. ltis
not clear whether they also apply to in vivo scenarios, real-life human situations,
or lower environmentally relevant exposure levels. Anbar et al. (1959) showed
that the inhibition of iodide trans6port by perchlorate is a truly competitive process.
They intraperitoneally injected **Cl-labeled perchlorate and iodide ions in various
concentrations to groups of rats and found that either iodide or perchlorate could
inhibit the accumulation of the other anion by the thyroid (Table 4).

Recently, the apparent accumulation of perchlorate by the thyroid of rodents has
been disputed. Citing in vitro electrophysiological data, de la Vieja (2000)
suggested perchlorate acts as a blocker of NIS, but it is not translocated via NIS
into the cell. De la Vieja (2000) theorized that because **Cl chlorate (ClOs) is a
byproduct of the reaction employed to chemically synthesize *°Cl perchlorate for
the uptake study, it is possible that *°Cl chlorate, rather than perchlorate,
accounts for the measured radioactivity, given that chlorate is readily
translocated via NIS into the cell.
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Table 4. The Ratio between Concentrations of lodide and Perchlorate lons
in the Thyroid (from Anbar et al., 1959)

lodide dose Perchlorate dose Ratio® I/CI04
(mmol) (mmol) 60 min | 120 min | 360 min
0.14 0.028 47 6.9 3.3
0.14 0.14 21 27 22
0.028 0.14 0.53 0.58 0.67

®Ratio = concentration of iodide in thyroid / concentration of perchlorate in thyroid.

Goldman and Stanbury (1973) administered **Cl-labeled potassium perchlorate
to male Sprague-Dawley rats by intraperitoneal injection (approximately 40 ug
stable perchlorate per injection). The rats were maintained on a low iodine diet
for 4-5 weeks prior to perchlorate administration. The level of perchlorate in the
thyroid peaked at four hours after administration, then declined to approximately
five percent of its peak at 96 hours. The decay followed an exponential function
with a half-life of 20 hours. When the levels of radioactivity in the serum and the
urine are plotted against time, they also followed an exponential function with a
half-life of approximately 20 hours. Goldman and Stanbury (1973) also showed
that most of the administered perchlorate was excreted in the urine. The
retention of the radiolabel in selected tissues 96 hours after the administration of
perchlorate is shown in Table 5.

There are also data indicating that perchlorate can pass through the placenta
and affect the fetal thyroid. Thyroid enlargement and reduction of thyroidal iodide
uptake have been detected in fetuses of laboratory animals exposed to
perchlorate (see the discussion in the Developmental and Reproductive Toxicity
section.)

Selivanova and Arefaeva (1986) administered a single oral dose of perchlorate to
rats and observed a two-phase biological decay curve. The first biological half-
life ranged from 1-2 hours and accounted for a calculated 96 percent of the dose.
The second-phase half-life, which accounted for only four percent of the
administered dose, ranged from 72 to 80 hours. Yu et al. (2000) injected
perchlorate intravenously at doses of 0.01, 0.1, 1, and 3 mg/kg to male Sprague-
Dawley rats and monitored the serum concentration of perchiorate over time.
The estimated early- and terminal-phase half-lives of perchlorate were 2-3 hours
and 12-26 hours, respectively.

Public Health Goal for
Perchlorate in Drinking Water

21 OEHHA

February 2015

ED_005043_00078937-00028



Table 5. Percent Dose of **Cl/ig Tissue 96 Hours after Intraperitoneal
Injection of **Cl-perchlorate (from Goldman and Stanbury, 1973)

Organ Percent dose/g tissue®
Thyroid 0.142 £ 0.1
Kidney 0.125 £ 0.09
Spleen 0.098 £ 0.03

Liver 0.048 £ 0.04

Brain Background

®Mean # standard deviation; each value represents five animals.

The differences in biological half-lives of perchlorate in rats in the studies above
(Goldman and Stanbury, 1973; Selivanova and Arefaeva, 1986; Yu et al., 2000)
are partly due to the three different routes of administration. The difference may
also be explained by the fact that the rats in the study reported by Goldman and
Stanbury (1973) had been maintained on a low iodine diet for 4-5 weeks before

the administration of perchlorate.

Metabolism

There are data to suggest that perchlorate is not metabolized in humans (Anbar
et al., 1959). Four patients were orally administered 200 mg of radiolabeled
perchlorate (5 uCi), double labeled with *°Cl and "®O. The perchlorate was
excreted unchanged in the urine with the two labels (**Cl and '®0) remaining
associated in the same molecule. The results also showed that there was no
reduction of perchlorate in vivo, as there was very little radioactivity associated
with CI" and CIO® ions in urine.

Excretion

As described above, 95 percent of a dose of sodium perchlorate administered
orally to human subjects was eliminated in the urine by 48 hours after
administration (Durand, 1938). Lamm et al. (1999) monitored urinary perchlorate
levels of two workers during three days with measurable occupational
perchlorate exposure and during the subsequent three days without known
perchlorate exposure. The perchlorate body burden, as measured using urinary
perchlorate concentrations, increased over the three days of work exposure, with
decreases between the 12-hour work shifts. The elimination of perchlorate after
the last exposure period appeared to follow a first-order kinetics pattern. The
average perchlorate elimination half-lives measured for the two workers were 7.9
and 8.2 hours.

Greer et al. (2002) administered oral doses of perchlorate in water to human
volunteers and estimated half-life values ranging from 6.0 to 9.3 hours, with an
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average value of 8.1 hours. These are similar to those reported in Lamm et al.
(1999).

Selivanova and Arefaeva (1986) administered a single oral dose of perchiorate to
rats, rabbits, and calves at 2, 20, 200, and 600 mg/kg in a single oral dose. They
reported that in all cases, little or no perchlorate could be detected in the blood
after 72 hours. A majority of the administered perchlorate was excreted in the
urine; the feces excreted < 8.5 percent. Yu et al. (2000) injected perchlorate
intravenously to rats at doses of 0.01, 0.1, 1, or 3 mg/kg and reported that
between 72 percent and 97 percent of the administered dose was excreted in the
urine over a 24-hour period.

Public Health Goal for 23 OEHHA
Perchlorate in Drinking Water February 2015

ED_005043_00078937-00030



3. ADVERSE EFFECTS OF THYROID HORMONE AND IODINE
DEFICIENCY

The most important and early effect of perchlorate exposure is its effect on
reducing iodide uptake by the thyroid. Significant reduction in iodide uptake can
lead to decreased thyroid hormone production. For this reason, this chapter
reviews studies of the adverse health effects of iodine deficiency and decreased
levels of thyroid hormone. This discussion is preceeded by a brief review of
normal thyroid physiology.

Thyroid Physiology

The principal hormones secreted by the thyroid are thyroxine (T4) and
triiodothyronine (T3). lodide is a key component of both. While T4 is produced
only by the thyroid gland, about 80 percent of T3 is formed outside the thyroid by
deiodination of T4. T4 and T3 influence the growth and maturation of tissues,
cell respiration and total energy expenditure, and the turnover of essentially all
substrates (including carbohydrates, cholesterol, and proteins), vitamins, and
hormones (including the thyroid hormones themselves).

The major components of thyroid hormone are iodide and tyrosine. Tyrosine is
generally not the rate-limiting component. lodine is a trace element, and its
uptake into the thyroid can be rate-limiting in thyroid hormone production.
Ingestion is the main route of iodine intake. Once ingested, iodine is reduced to
iodide (I') in the gastrointestinal tract and is readily absorbed into the
bloodstream.

Thyroid tissue has a special ability to selectively concentrate iodide from the
blood where the concentration is usually very low. The thyroid can actively
transport iodide into the thyroid such that the iodide concentration in the thyroid
can be several hundred-fold higher than concentrations outside the thyroid.
Such concentrations are presumably required to promote efficient thyroid
hormone production and patients lacking the ability to concentrate iodide have
goiters and are hypothyroid (Wolff, 1998). The molecule that is responsible for
transport of iodide into the thyroid is called the sodium-iodide symporter (NIS).
The structure and regulation of NIS have been characterized (de la Vieja et al.,
2000). Recently mouse NIS has been cloned and transferred into normally non-
iodide-transporting cells, and these cells show perchlorate-sensitive iodide
uptake capability (Perron et al., 2001). These researchers also found evidence
to indicate that the NIS is present in tissues other than the thyroid, including the
stomach, lactating mammary gland, small intestine, skin, and brain.

In humans, a majority of T4 and T3 in plasma is bound to proteins. In normal
plasma, the T4 protein binding distribution is: 80 percent to thyroxine-binding
globulin, 15 percent to transthyretin, and 5 percent to albumin and lipoproteins.
For T3, the distribution is 90 percent bound to thyroxine-binding globulin and the
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rest to albumin and lipoproteins, with little binding to transthyretin. Very small
proportions of T4 and T3 are free (not protein bound) in plasma, 0.03 and 0.3
percent, respectively. Only the free hormone enters cells, exerts its biologic
action, and determines thyroid physiologic status (Dillmann, 2000).

Control of T4 and T3 concentrations in blood is mainly regulated by a negative
feedback loop involving three organs: the thyroid gland, which produces thyroid
hormones; and the pituitary gland and hypothalamus, which respond to and help
maintain optimal levels of thyroid hormones (Figure 1). When levels of thyroid
hormone decline, the hypothalamus secretes thyrotropin-releasing hormone
(TRH), which stimulates the pituitary to produce thyroid-stimulating hormone
(TSH), which then prompts the thyroid gland to produce T4 and T3. The
stimulated thyroid actively transports iodide into the thyroid gland, and then
incorporates the iodide into thyroid hormone molecules. T4 and T3 are
metabolized in the liver and other tissues. Some thyroid hormone derivatives are
excreted in the bile, and some of the iodide in them is reabsorbed. Cells in the
hypothalamus and pituitary gland respond to circulating levels of thyroid
hormones, i.e., when hormone levels are high, there is a signal to reduce the
output of TRH and TSH. Similarly, when thyroid hormone levels are low, the
pituitary is prompted to release more TSH, which stimulates the thyroid to
increase thyroid hormone output. This negative feedback loop helps the body to
respond to varying demands for thyroid hormone and to maintain hormone
homeostasis. Circulating T4, T3, and TSH can readily be measured in the serum
of experimental animals and humans and serve as biomarkers of exposure and
effect of agents that disrupt thyroid-pituitary status (U.S. EPA, 1998a, and 1998b;
Hill et al., 1989).

In mammals, when demands for more thyroid hormone are small, existing thyroid
follicular cells can meet the demand. With increased need, as a result of certain
chemical exposures or chronic iodine deficiency, the thyroid responds by
increasing the size (hypertrophy) and number (hyperplasia) of thyroid follicular
cells to enhance hormone output. With continued TSH stimulation, there is
actual enlargement of the thyroid gland (goiter) and, at least in rodents, neoplasia
of the thyroid follicular cells could eventually occur. Since TSH-producing
pituitary cells are also stimulated, they too sometimes undergo hyperplasia and
neoplasia (U.S. EPA, 1998b).
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Figure 1. Hypothalamic-Pituitary-Thyroid Axis (from U.S. EPA, 1998b)
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Too much or too little thyroid hormone can lead to iliness. Thyrotoxicosis occurs
when tissues are exposed to excess amounts of thyroid hormones, resulting in
specific metabolic changes and pathophysiologic alterations in organ function.
The most frequent cause of thyrotoxicosis is Graves’ disease, accounting for 60
to 90 percent of cases (Dillmann, 2000). Graves’ disease is an autoimmune
disorder with B-lymphocytes producing immunoglobulins, some of which bind to
and activate the TSH receptor, stimulating excess thyroid growth and hormone
secretion. Hypothyroidism results from decreased secretion of thyroid hormone
from the thyroid gland; it can be caused by destruction of thyroid tissues or
defects of thyroid hormone production (e.g., congenital enzyme defects,
congenital mutations in TSH receptor, iodine deficiency or excess). In some rare
occasions, hypothyroidism can also be caused by pituitary or hypothalamic
diseases.

The most severe neurological impairment resulting from decreased thyroid
hormone production or iodine deficiency is cretinism. Characteristics of cretinism
include mental retardation, spastic dysplasia, and problems with gross and fine
motor control. In some extreme forms, the affected individuals cannot walk or
stand. A number of studies indicate that even less severe iodine deficiency can
reduce maternal serum thyroid hormone levels and may subsequently impair the
brain development of the offspring (Glorieux et al., 1988; Rovet et al., 1987,
Tillotson et al., 1994; Vermiglio et al., 1990; Pop et al., 1999, 2003; Haddow et
al., 1999; Bleichrodt and Born, 1994). These studies are reviewed in further
detail in the following sections. The nature and severity of the adverse effects
are related to the degree of iodine deficiency or the extent of maternal thyroid
hormone decrease.
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Most data suggest that fetal damage during development is inversely related to
maternal serum T4 levels (Pop et al., 2003; Kooistra et al., 2006). Maternal
serum free T4 (fT4) is able to pass through the placenta and is converted to T3 in
the fetal brain. The T3 generated in the fetal brain is believed to be necessary
for the development of the brain, specifically the cerebral cortex, the
extrapyramidal system, and the cochlea (Porterfield, 2000). The availability of a
minimum level of maternal fT4 is crucial for proper fetal brain development in the
first and second trimesters, as the fetal thyroid is not fully mature and functional
during that time period. Figure 2 shows the approximate timing of major insults
to the brain resulting from hypothyroxinemia (a low level of serum T4),
superimposed on major neurodevelopmental events (Morreale de Escobar et al.,
2000).

Figure 2. Approximate Timing of Major Insults to the Brain Resulting from
Hypothyroxinemia, Superimposed on Major Neurodevelopmental Events.
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Thyroid Problems in Pregnant Women with Low lodine Intake

A number of human studies have shown that pregnancy stresses the thyroid
(Crooks et al., 1967; Glinoer et al., 1990, 1992, 1995; Smyth et al., 1997; Caron
et al., 1997; Brent, 1999; Kung et al., 2000). In areas of iodine deficiency (e.g.,
intake level <100 ug/day), there is an increased risk of abnormally low serum T3
and T4 levels, and thyroid enlargement and goiter in pregnant women. The
nature and severity of changes in thyroid function are related to the severity of
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the iodine deficiency. In an epidemiologic survey reported by Delange and
Ermans (1991, as cited in Delange, 1994), the investigators found the prevalence
of goiter in an area with severe iodine deficiency is influenced by age and sex,
with maximal frequency in females during puberty and childbearing age (Figure
3).
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Figure 3. Changes in the Prevalence of Goiter as a Function of Age and
Sex in Severe Endemic Goiter (ldjwi Island, Zaire) (Delange, 1994)

Crooks et al., 1967. Crooks et al. (1967) studied enlargement of the thyroid
gland in pregnant and non-pregnant women in Aberdeen, Scotland and
Reykjavik, Iceland. In the Scotland study, they found that the thyroid gland was
visible and palpable in 70 percent of pregnant women but in only 37 percent of
non-pregnant women in the reproductive age group. By contrast, in the Iceland
study, the frequency of thyroid enlargement was about the same in pregnant (23
percent) and non-pregnant women (19 percent). The authors (1967) suggested
that the results can be explained by the fact that Icelandic diet is based on fish
and contains high levels of iodine. This hypothesis is supported by the
significantly higher mean plasma inorganic iodine concentration measured in
non-pregnant Icelandic women (0.691 ug/dL) compared to the mean of 0.420
pg/dL found in Scottish non-pregnant women (p<0.001).

Glinoer ef al., 1990. Glinoer et al. (1990) suggested that in conditions of
marginally low iodine intake, pregnancy constituted a goitrogenic stimulus. They
followed a group of 606 healthy pregnant women in Brussels, Belgium, an area
of marginally low iodine intake (50-70 pg/day), and monitored their T3, T4, TSH,
and human chorionic gonadotropin (hCG) levels in serum during the first,
second, and third trimesters. All subjects were evaluated clinically and
determined to be without detectable thyroid abnormality at the beginning of the
study. The authors found that a normal thyroid is faced with a triple challenge
during pregnancy. First, there is a significant increase in circulating levels of the
major T4 transport protein, thyroglobulin (Tg), in response to high estrogen
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levels. As a result, the thyroid has to increase its T4 output in order to maintain a
stable T4/thyroglobulin ratio of 37-40 percent.

Second, several thyroidal stimulating factors of placental origin (mainly hCG) are
produced in excess. This contributes to a decrease of serum TSH (mainly in the
first half of gestation) and an increase in thyroid volume (Table 6). They found
that during pregnancy thyroid volume increased by an average of 18 percent.
This increase was statistically significant and thyroid size increased in a majority
of women (73 percent). Goiter, defined as thyroid volume greater than 23 mL,
was found in nine percent of the cohort at delivery.

Table 6. Changes in Mean Thyroid Volume in Healthy Women during
Pregnancy (from Glinoer et al., 1990)

Stage of Pregnancy N Total volume (mL)
First trimester 168 12.1+£4.5
Second trimester 172 12.8+4.5
Third trimester 33 139 +4.8°
Delivery 179 15.0 + 6.8°

p < 0.03 vs. beginning of pregnancy.
bp < 0.001 vs. beginning of pregnancy.

Third, pregnancy is accompanied by a decrease in the availability of iodide for
the maternal thyroid, due to increased renal clearance (Aboul-Khair et al., 1964;
as cited in Glinoer et al., 1990) and losses to the feto-placental complex during
late gestation, resulting in a relative iodide deficiency state.

Glinoer et al., 1992. In a related study, Glinoer et al. (1992) monitored the
thyroid condition of pregnant women in an area without overt iodine deficiency,
but with a marginal iodine supply (less than 100 ug/day in 80 percent of women).
They found that maternal thyroid function at delivery was characterized by a
relative hypothyroxinemia; increased T3/T4 ratios, indicating preferential T3
secretion; slightly increased TSH levels within the normal range in 97 percent of
women; increased serum thyroglobulin values, which were above normal in 60
percent of women; and goiter formation in almost 10 percent of women. In the
newborns, they found fT4 levels were significantly higher than in the respective
mothers. However, mean neonatal TSH and Tg levels were significantly higher
than maternal values. Furthermore, these values were highly correlated with
maternal data, suggesting the limited availability of iodine was the common link.

In a review paper, Glinoer (2001) again stressed the profound alterations in the
thyroid economy associated with pregnancy. In healthy iodine-sufficient
pregnant women, this leads to a physiological adaptation of the thyroid and an
increased production of thyroid hormones. When gestation takes place in
conditions with iodine restriction or deficiency, pregnancy may lead to
pathological alterations affecting both thyroid function and the anatomical
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integrity of the thyroid gland. The more severe the iodine deficiency, the more
obvious, frequent, and profound the potential maternal and fetal repercussions.

Smyth et al., 1997. Supportive results were reported in two other studies, one in
Ireland and the other in France. Smyth et al. (1997) evaluated ultrasound-
measured thyroid volume of 115 pregnant women during one of the three
trimesters. These women (Group A) were enrolled based on availability, and
each trimester’s study group comprised different individuals. Control values for
thyroid volume were obtained from 95 pre-menopausal females. All subjects
were from Dublin, Ireland, an area of moderately low dietary iodine intake
(median urinary iodine was 82 ug/day). All pregnant women studied delivered
live-born, normally formed, singleton infants and received no iodine-containing
supplements during their pregnancy. The authors reported that the mean thyroid
volume of 13.9 £ 0.8 mL, observed in the first trimester, was significantly greater
than the control value (11.3 £ 0.5 mL; p < 0.05) and reached a maximum of 16.0
+ 0.7 mL, a 47 percent increase (p<0.01), in the third trimester.

In a related study, Smyth et al. (1997) studied a group of 38 pregnant women
(Group B), prospectively. Casual urine samples were collected sequentially
during the 3 trimesters of pregnancy and at approximately 6 weeks postpartum.
Of those 38 subjects, 20 had thyroid ultrasound scans during each trimester of
pregnancy and at 6 weeks postpartum. Thyroid volumes greater than 18.0 mL
were defined as enlarged. The number of enlarged thyroids increased from the
non-pregnant control value of 6.3 percent, through 19.5 percent in the first
trimester, to reach a plateau of approximately 32 percent in the second and the
third trimesters, which was maintained up to 40 days postpartum.

Urinary iodine of the women in Group A and Group B were also measured.
Urinary iodine measurements collected from 1,063 pre-menopausal women over
a one-year period were used for comparison. The researchers found that urinary
iodine levels measured throughout the pregnancies of the women in Group A and
Group B (Table 7) were higher than in the controls (median 70 ug/L). They
suggested that in an area of moderately low dietary iodine intake, urinary iodine
loss during pregnancy may result in maternal thyroid enlargement.

Table 7. Median Urinary lodine Excretion (ug/L) in Pregnancy (Smyth et al.,
1997)?

First Trimester | Second Trimester | Third trimester

Group A 135 122 122
Group B 155 122 115

“Some of the values were estimated from a graph.

Caron et al., 1997. In a prospective study, Caron et al. (1997) evaluated the
thyroid condition of 347 pregnant women living in the southwest of France (with
an estimated urinary iodine excretion value of 50 ug/day). lodine concentration
in urine samples and serum thyroid hormone measurements were taken at initial
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presentation (before 12 weeks of gestation), and during the nine months of
pregnancy. Mean urinary iodine levels were low during the first trimester (6.9 £
0.4 pg/dL), as well as during the ninth month of pregnancy (8.6 + 0.6 ug/dL). A
thyroid ultrasound was performed one to five days after delivery in 246 mothers.
During pregnancy fT4 and T3 concentrations decreased (p<0.001), and TSH and
Tg concentrations increased (p<0.001). Thyroid hypertrophy (thyroid volume
greater than 18 mL) was present in 29 percent of the mothers. The percentage
of thyroid hypertrophy at delivery was associated with urinary iodine
concentration during the first trimester of gestation: 15.4 percent (urinary iodine <
5 ug/dL), 9.2 percent (urinary iodine 5-10 pg/dL), and 3.5 percent (urinary iodine
> 10 pg/dL) (Figure 4). Goiter (thyroid volume greater than 22 mL) was present
in 11 percent of the mothers. The researchers concluded that in areas with a
marginally low iodine supply, pregnancy constitutes a goitrogenic stimulus.

Kung et al., 2000. In another prospective study, Kung et al. (2000) studied 230
pregnant women living in a borderline iodine sufficient area (Hong Kong). The
median urine iodine concentration in healthy adults was 0.77 pumol/L (9.8 ug/dL)
in Hong Kong, which was close to the World Health Organization cut-off value of
0.79 pmol/L (or 10 pg/dL) for iodine sufficiency. When recruited into the study,
all pregnant women were in their first trimester; subjects with a history of thyroid
dysfunction were excluded. These women were prospectively studied at
approximately 12-14 weeks, 20-24 weeks, and 36 weeks of gestation, as well as
6 weeks and 3 months postpartum for thyroid function, thyroid volume by
ultrasound examination, and urine iodine concentration. Study results are
presented in Table 8. The investigators showed that in an area of borderline low
dietary iodine intake, pregnancy was an important stress to the maternal thyroid
axis. Pregnancy caused an average 30 percent increase (range, 3 — 230
percent) in thyroid volume, with some subjects having a more than two-fold
increase. This thyroid enlargement persisted and failed to revert completely
even 3 months after delivery.

The researchers also reported that 14 women with excessive thyroidal
stimulation in the second trimester had lower urine iodine concentrations and
larger thyroid volumes throughout pregnancy. Furthermore, their neonates had
higher cord TSH, Tg, and slightly higher thyroid volumes than the neonates of
216 pregnant women without evidence of thyroid stimulation. Seven neonates
(50 percent) born to these women had subnormal fT4 levels at birth.
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Figure 4. Percentage of Maternal Thyroid Hypertrophy in Relation to
Urinary lodine Concentration during the First Trimester of Pregnancy
(Caron et al., 1997)

Table 8. Change of Thyroid Function Tests, Thyroidal Volume, and Urinary
lodine Level of Women during and after Pregnancy (Kung et al., 2000)

First Second Third Postpartum | Postpartum

trimester | trimester | trimester 6 weeks 3 months
Total T4 154 126 125 89 92
(nmol/L) (132-176) | (110-143)* | (106-142) (81-98)° (82-101)°
Free T3 3.9 3.4 3.3 4.0 4.3
(pmol/L) (3.6-4.3) (3.1-3.7) (3.0-3.7) (3.7-4.4) (4.1-4.6)
Free T4 13.4 11.9 11.7 14.5 14.4
(pmollL) | (12.2-15.0) | (10.7-13.1)* | (10.1-13.0* | (13.1-16.0) (13.0-15.8)
TSH 0.49 0.96 0.95 1.15 1.14
(miU/L) (0.12-1.00) | (0.62-1.28)7 | (0.60-1.36)° | (0.74-1.58)° | (0.81-1.61)°
Urine 0.84 0.91 0.98 0.83 0.79
iodine (0.60-1.09) | (0.65-1.14)* | (0.72-1.24)* | (0.56-1.08) (0.51-1.14)
(Mmol/L)
Thyroid 9.5 10.3 11.2 11.0 10.6
volume (7.2-12.3) | (7.7-13.6)° | (8.9-13.8)° (8.3-14.2)° (8.6-13.7)°
(mL)
Results are medians
p < 0.05 vs. first trimester
®b < 0.01 vs. first trimester
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Another source of data supporting the concept that normal pregnancy requires
increased thyroid hormone production comes from the observation that women
previously diagnosed with hypothyroidism on adequate T4 replacement doses
often require an increase in their T4 doses during pregnancy (Table 9).

Table 9. Thyroid Hormone Requirement in Pregnancy (Brent, 1999)

Mean Fraction of Mean dose
Stud dailv dose | Women requiring | increase for those
y y an increased who had an
(Hg)
Hg dose adjustment (ug)

Pekonen et al. 141 7134 (21%) 62
(1984)
Mandel et al. (1990) 148 912 (75%) 46
Tamaki et al. (1990) - 4/4 (100%) -
Girling and de Swiet 142 9/32 (28%) 68
(1992)
Kaplan (1992) 154 27142 (64%) 42
Pooled data 146 56/124 (45%) 46

Romano et al., 1991; Pedersen et al., 1993; Glinoer et al., 1995. These are
three prospective studies showing that in an area with marginal or moderate
iodine deficiency, iodine supplementation often can reduce the stress on the
thyroid during pregnancy. The first study was carried out in L’Aquila, Italy, an
area with moderate iodine deficiency (Romano et al., 1991). There were 35
pregnant women in the study, all of whom had a normal pregnancy and no
history of thyroid disease. They had a mean age of 27.1 years (£3.8) and a
mean body weight of 61.6 kg (£ 4.9) at the first examination during the first
trimester. Pregnant women were randomly assigned into group A (n=17) or
group B (n=18). Immediately after the first examination, iodide salt equivalent to
a daily intake of about 120 to 180 pg iodide was prescribed to all the women in
group A. Each trimester all pregnant women in both groups were subjected to
three ultrasonographic evaluations of thyroid volume and to measurement of
body weight. During each examination, 24-hour urine samples were also taken
to determine the iodine urinary excretion. Romano et al. (1991) reported that
TSH levels of all the subjects were within the normal range and TSH levels
measured in group A did not statistically differ from those measured in group B.
The effect of iodine supplementation was confirmed by urinary iodine
measurements. A significant increase in urinary iodine excretion was found at
the second and third examination (p<0.0001 and p<0.01, respectively, Table 10)
only in group A, treated with iodide salt.
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Table 10. lodine Excretion (ug/24 hours) in Both Groups at Each Trimester
(meanzt standard deviation) (from Romano et al., 1991)

First trimester | Second trimester | Third trimester
Group A 37.0+£36.0 154.0+59.0° 100.0+39.0°
Group B 30.5£42.0 55.0+£35.0 50.0£37.0
ap<0.0001

p<0.01 vs. first trimester

Thyroid volume did not change throughout pregnancy in the group treated with
iodide salt. However, in the control group (Group B) there was a statistically
significant increase in thyroid volume from the first to the third trimester (mean
increase = 1.6 + 0.6 mL; p<0.0001). Romano et al. (1991) concluded that an
adequate dietary iodine intake is necessary to prevent the development of
gestational goiter, and iodine deficiency is the main causative factor of thyroid
enlargement during pregnancy.

A similar study was also carried out in East Jutland, Denmark, an area with a
median daily urinary iodine excretion around 50 ug (Pedersen et al., 1993). The
researchers selected 54 normal pregnant women and randomly divided them into
iodine-treated (28 subjects) and untreated groups (26 subjects). Before iodine
supplementation was initiated, the measured variables were nearly identical in
the two groups. Treated subjects received 200 ug iodine/day starting from weeks
17-18 of pregnancy until 12 months after delivery. All women were followed at
regular intervals during pregnancy. In the control group, serum TSH, serum Tg,
and thyroid size showed significant increases during pregnancy. These
variations were less in the iodine supplementation group (Figures 5, 6, and 7).

lodine did not induce significant variations in serum T4, T3 or free T4 in this
study. Pedersen et al. (1993) concluded that a relatively low iodine intake during
pregnancy leads to thyroid stress, with increases in Tg release and thyroid size.
It is important to note that even in the iodine-supplement group, there was a
significant increase in thyroid volume during pregnancy. Notably, the size of the
thyroid returned to initial values one year after delivery independent of iodine
supplementation. Pedersen et al. (1993) were concerned that thyroidal stress
during pregnancy in an area of iodine deficiency can lead to goiter, which is
primarily reversible, as was shown in the study. However, at some point iodine
deficiency triggers, by an unknown mechanism, irreversible changes in the
thyroid with autonomous growth and function and may lead to high incidence of
multinodular toxic goiter in elderly subjects. It was suggested that iodine
deficiency during pregnancy or even during fetal life could be an important factor
for the late development of thyroid autonomy.
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Figure 5. Serum Tg and TSH during Pregnancy and for 52 Weeks
Postpartum in Women Receiving lodine Supplementation and Control
Women, as a Percentage of the Initial Values (from Pedersen et al., 1993).
Median values are shown. The increase in serum Tg during pregnancy in the control
group was statistically significant (p<0.01), but the first value obtained during pregnancy
and the values obtained one year after delivery were not different. Tg values from the
two groups were significantly different at all periods, except before initiation of iodine
supplementation. The increase in serum TSH in the control group during pregnancy was
statistically significant (p<0.01), whereas no differences between values were found in
the iodine supplemented group (p=0.29, by Friedman’s test). During the postpartum
period, no significant TSH differences between the groups were found.
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Figure 6. Median Thyroid Volume during Pregnancy and 52 Weeks
Postpartum in Women Receiving lodine Supplementation and Control
Women, as Percent of Initial Values (from Pedersen ef al., 1993). In both
groups, statistically significant increases during pregnancy and decreases during the

postpartum period were found (p<0.05). The increase during pregnancy in controls was
higher than that in the iodine supplemented group (p<0.05).
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Figure 7. lodine Concentration in Spot Urine Samples during Pregnancy
and for 52 Weeks Postpartum in Women Receiving lodine Supplementation

and Control Women (Pedersen et al., 1993). The last sample was obtained after
iodine supplementation was stopped.
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Glinoer et al. (1995) studied a group of euthyroid pregnant women with mild to
moderate iodine deficiency and found pregnancy-related stresses on the thyroid
could be prevented by the administration of potassium iodine or potassium iodine
plus thyroxine (L-T4). They selected 180 pregnant women at the end of the first
trimester on the basis of biochemical criteria of excessive thyroid stimulation,
defined as serum thyroglobin > 20 ug/L associated with a low normal fT4 index
(<1.23) and/or an increased T3/T4 ratio (>25x107). The subjects were
randomized in a double-blind protocol into three groups and treated until term
with either placebo (Group A), potassium iodine (100 ug/day) (Group B), or
potassium iodine (100 ug/day) plus L-T4 (100 pg/day) (Group C). At the
beginning of the study, all the subjects were mildly or moderately iodine deficient
as indicated by a median urinary iodine concentration of 36 ug/L. Only 10
percent of women had urinary iodine above 80 ug/L. After therapy was instituted,
the urinary iodine concentrations in Groups B and C rose to approximately
75-130 pg/L in the second and third trimesters; while urinary iodine of Group A
remained low during gestation and at delivery.

Study results showed that total T4 levels of all groups increased during the
second and third trimesters compared to those measured during the first
trimester. However, the increases observed in Group A (4 percent and 7 percent
for the second and third trimesters, respectively) were much smaller than those
observed in Group B (9 percent and 11 percent) and Group C (19 percent and 15
percent). Glinoer et al. (1995) also reported that in Groups A and B, the ratios of
T3/T4 were higher than normal at the start of the therapy and remained elevated
during gestation. However, in Group C the ratios decreased rapidly toward
normal and were maintained at a level of approximately 22 x 10, These results
indicated that thyroid stimulation associated with pregnancy and leading to
preferential T3 secretion by the thyroid was suppressed after potassium iodide
plus L-T4 administration. Glinoer et al. (1995) found an average increase of 30
percent in thyroid volume in Group A. Sixteen percent of the women in this
group developed a goiter during gestation, with thyroid volumes up to 34 mL at
delivery. The increment in thyroid volume was much less in Group B (mean
increase of 15 percent) and in Group C (mean increase of 8 percent).
Furthermore, goiter formation in Groups B (10 percent) and C (3 percent) was
less frequent than that in Group A. In the same study, Glinoer et al. (1995) also
evaluated the thyroid status of the newborns, 3-6 days after delivery. They found
that the mean thyroid volume of newborns in Group A (1.05 + 0.05 mL) was
significantly larger than those in Groups B (0.76 + 0.05 mL) and Group C (0.75
0.05 mL). Furthermore, glandular hyperplasia (thyroid volume >1.4 mL) was
found in 10 percent of newborns in Group A (range 1.5-2.2 mL) compared to
none in Groups B and C (p=0.01, by ¥* test). Glinoer et al. (1995) found the
study results in agreement with other investigations on goitrogenesis during
pregnancy in areas with less than adequate iodine supply.

Rotondi et al., 2000. This study found an association between thyroid size and
the number of their previous pregnancies in an area with moderate iodine
deficiency. The researchers studied the size of thyroids of 208 non-goitrous
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healthy females by ultrasound examination. All subjects lived in a region
(Naples, Italy) that is known to have moderate iodine deficiency, with usual
urinary levels ranging from 40-100 pg/day. All subjects had serum free T3, fT4,
and TSH measurements, as well as thyroglobulin antibody and thyroid
peroxidase antibody detection. All subjects were clinically and biochemically
euthyroid and had no detectable thyroid autoantibodies. The subjects were
divided into five groups, according to the number of completed pregnancies (0, 1,
2, 3, 4 or more term pregnancies). The researchers found mean thyroid volume
increased progressively among the groups; group 0 (14.8+0.7 mL); group |
(16.0£0.9 mL); group 1 (17.1£0.6 mL); group I (18.2+0.6 mL); group IV
(20.3£0.9 mL). The difference in the increases in thyroid volume was statistically
significant between group 0 and groups Il (p<0.01) and 1V (p<0.001), and also
between group | and group IV (p<0.05). No independent effect of body weight
and age on thyroid volume was seen. Based on the results, Rotondi et al. (2000)
suggested that, in an area with moderate iodine deficiency, there is a cumulative
goitrogenic effect of successive pregnancies and the goitrogenic effect of
pregnancy is not fully reversible.

As shown above, several studies have identified associations between
pregnancy and increased thyroid size. However, as we review in the following
paragraphs, this effect has not been seen in all studies.

Gerghout et al., 1994. These researchers studied 10 healthy women before and
during a normal pregnancy in an iodine replete area of Amsterdam, the
Netherlands. They found no change in thyroid volume during pregnancy (data
given before pregnancy and during first, second, and third trimesters,
respectively: 10.3+£5.1,106 +4.4,9.6 £3.8, and 9.4 + 3.0 mL. Urinary iodine
levels or dietary iodine intakes were not reported.

Long et al., 1985. These researchers studied a group of pregnant teenagers
and found the frequency of goiter in this group was not higher than that in non-
pregnant teenagers. They studied 309 consecutive pregnant adolescent girls
who were admitted to a medical center in San Diego, California from August
1978 through December 1982. A group of 600 adolescent girls was used as
controls to establish the prevalence of goiter in non-pregnant adolescents. The
mean gestational age for the first visit was 22 weeks. A thyroid gland was
defined as enlarged if it was visible and/or palpable and had a transverse span of
> 6 cm. Eighteen goiters (6 percent) were identified in the pregnant teenagers
versus 27 goiters (5 percent) in the control group. It should be noted that the
detection method used in the study is not as sensitive and reliable as the
ultrasound detection used in the more recent studies. Long ef al. (1985)
concluded that abnormalities of size and function of the thyroid gland were not
more prevalent during the stress of reproduction at a young age.

Levy et al., 1980. This study examined the thyroid glands of 49 matched pairs of
women in Ohio, one pregnant and one non-pregnant woman per pair. All
pregnant women were at least 20 weeks into the pregnancy and had no personal
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history of thyroid abnormality. The subjects were paired by race and age (within
5 years) and examined by muitiple observers. Observers independently graded
each thyroid as “not palpable,” “palpable but not enlarged,” or “enlarged.” They
also compared the size of the two glands relative to one another for every pair of
subjects. Levy et al. (1980) found that in 22 pairs the pregnant woman had the
larger thyroid, whereas in 20 pairs the opposite was true. In six pairs the thyroid
glands were not palpable, and in one pair the thyroid glands were of equal size.
Five pregnant and three nonpregnant women had clinically significant goiters.
None of the differences was statistically significant. These results are consistent
with the study of Crooks et al. (1967) conducted in Reykjavik, Iceland, which
showed that pregnancy did not impact the thyroid gland when iodine intake was
adequate.

Liberman et al., 1998. This investigation studied the serum T4, TSH, and serum
and urinary inorganic iodine levels during the first, second, and third trimesters
and after delivery of 16 women. They reported significantly higher levels of mean
serum T4 during the pregnancy than after delivery. Similar levels of serum TSH,
serum inorganic iodine, and urinary iodine were measured during pregnancy and
after delivery. The daily iodine intakes of the subjects were high, as indicated by
the relatively high average urinary iodine levels (459 — 786 ug/day). Liberman et
al. suggested that pregnancy does not have an important influence on serum
inorganic iodine or thyroid status in iodine-sufficient regions.

Adverse Neurological Development with In Utero lodine
Deficiency or Low Thyroid Hormone Levels

The changes in thyroid function associated with pregnancy are related to
increased hormone requirements. The need can only be met by a proportional
increase in hormone production and is dependent upon the availability of iodine
in the diet (Glinoer, 2001). The National Academy of Sciences has
recommended an Estimated Average Requirement of 160 ug/day and a
Recommended Dietary Allowance of 220 ug/day for pregnant women (NAS,
2001). These values are higher than the Estimated Average Requirement of 95
pg/day and the Recommended Dietary Allowance of 150 ug/day for non-
pregnant adults (age 19 years and older).

lodine deficiency disorders range from endemic cretinism to endemic goiter and
less severe forms of brain abnormalities. The impact of iodine deficiency differs
depending on the age and life stage of the affected individual, as well as the
degree of iodine deficiency. The most severe problems caused by iodine
deficiency are among fetuses, neonates, and infants because of the irreversible
changes that can occur during this period of rapid structural and behavioral
development. Cognitive impairment is the most common finding seen with iodine
deficiency, and thyroid disorders during pregnancy have been shown to increase
the risk of neurologic damage in offspring (Hetzel and Maberly, 1986; as cited in
Hollowell and Hannon, 1997). It was considered a paradox that in areas of
iodine deficiency, children with cretinism, but with functioning thyroid glands, had
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more severe central nervous system damage than some children who were
missing a thyroid gland. For prevention of central nervous system damage,
iodide has to be supplied before conception or early in the first trimester, a time
in development before the fetal thyroid is known to be functional (Hollowell and
Hannon, 1997). The finding that maternal T4 reaches the fetus (Vulsma et al.,
1989) made it understandable that maternal thyroid hormones are necessary for
brain development during early fetal development, and severe central nervous
system damage can occur as a result of maternal thyroid deficiency.

This theory is supported by the results of a number of animal and human studies.

Animal Studies in Neonates Born to Dams with lodine Deficiency or Low
Thyroid Hormone Levels

Obregon et al., 1984 and Woods et al. , 1984 and others. Obregon et al.
(1984) and Woods et al. (1984) showed that fetal rat tissues, including brain,
contained T4 and T3 before fetal thyroid hormone was produced. Several
researchers also reported that nuclear T3 receptors in brain tissues obtained
from rat and human fetuses early in gestation (before the development of the
fetal thyroid) were relatively saturated with T3 (Bernal and Pekonen, 1984; Perez
Castillo et al., 1985; Ferreiro et al., 1988; as cited in Burrow et al., 1994). The
presence of occupied T3 nuclear receptors in brain tissues early in fetal
development supports a role for maternal thyroid hormones in the maturation of
the brain.

Argus Research Laboratories, 1998a and 2001. [n two animal developmental
studies (discussed in an earlier section), ammonium perchlorate was
administered to female Sprague-Dawley rats via drinking water at target doses
between 0.01 and 30 mg/kg-day. Morphometric analysis of the pups revealed
significant changes in sizes of a number of brain regions (e.g., corpus callosum),
although a simple dose-response relationship was not observed for any of the
changes (Figure 11).

Potter et al., 1982 and Hetzel et al., 1987. Severe iodine deficiency has been
shown to cause abnormal fetal brain development in a number of animal species.
Potter et al. (1982) reported that severe iodine deficiency in sheep caused
reduction in fetal brain weights and in brain DNA and protein from 70 days of
gestation to parturition. They also found unusual morphological changes in both
the cerebral hemispheres and the cerebellum of the fetal brains. Hetzel et al.
(1987) reported that severe iodine deficiency caused abnormal fetal brain
development in rat, marmoset, and sheep. The abnormalities included reduced
brain weight, change in cell density in the cerebral hemispheres, reduced
synaptic counts in the visual cortex, and reductions of brain DNA and brain
protein.
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Lavado-Autric et al., 2003. In this study, the investigators evaluated the effects
of a low iodine diet (LID) with (LID-2) or without (LID-1) 1 percent potassium
perchlorate in pregnant rats. The potassium perchlorate was used to produce
hypothyroxinemia in the pregnant rats. Cell migration and cytoarchitecture in the
somatosensory cortex and hippocampus of the 40-day-old offspring were
examined (n = 5-7 pups per group). The number of dams per group was not
provided. According to the authors, the reproductive performance of the LID-2
animals and the post-natal growth of their pups were normal (although no details
are provided). Serum T4 levels were 90 percent lower in both the LID-1 and LID-
2 dams than in controls. Levels of serum T3 (the hormonally active form of
thyroid hormone) in the LID-1 and control dams were similar. The mean T3 in
the LID-2 dams was lower than controls, although the difference was much less
than that seen for T4 (mean serum T3 (in ng/mL) in controls: 0.73 + 0.02
(standard error); in LID-1 animals: 0.65 + 0.15; in LID-2 animals: 0.37 + 0.06).
Litter size, body weight or postnatal growth measures were not affected.

Using BrdU labeling of cells at specific time points of development, the authors
took advantage of the normal migration patterns of cortical neuronal cells to
investigate the impacts of thyroid deficiencies on normal structural brain
development. Normally, cells born later migrate past cells born earlier and
occupy more superficial layers of the cortex. When BrdU was administered on
gestation days 14-16, there was a decrease in the proportion of BrdU-labeled
cells in the deeper cortical layers and an increase in the subcortical white matter
in the LID-1 and -2 offspring compared to controls. The researchers noted that
gestation days 14-16 are before the fetal thyroid begins producing thyroid
hormone (which usually starts around day 17.5-18). As such, these effects are
likely due to deficiencies in maternal thyroid hormones rather than any deficiency
of the fetal thyroid. When BrdU was administered on gestation days 17-19, there
was a decrease in labeled cells in the superficial layers and an increase in the
deeper layers of the cortex. The researchers used single- and double-label
immunostaining to find that the BrdU-labeled cells were neurons, not glia.

Overall, these findings provide evidence that the normal pattern of neuronal cell
migration in the cortex during fetal development can be disrupted by maternal
hypothyroxinemia. In addition, since these effects were assessed in the offspring
at postnatal day 40, these findings likely represent permanent rather than
temporary alterations to the cortical cytoarchitecture (Zoeller, 2003). This study
was different from earlier studies because the level of maternal hypothyroidism
introduced was relatively mild and treated pups or dams could not be
distinguished from controls by their weight, growth, reproductive performance, or
physical appearance. In previous studies, severe hypothyroidism was introduced
in the dams of pups by surgical thyroidectomy or strong goitrogens such as high
dose methimazole.

The results of this study could potentially provide some mechanistic explanation
for the findings in human studies which have linked decreases in maternal thyroid
hormone during pregnancy to subsequent altered neurological development in
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the offspring (e.g., Pop et al., 1999, 2003; Haddow et al. 1999). Migration
defects in the brain have been associated with neurological deficits in humans
(Sun et al., 2002). However, it is not currently known how the particular effects
seen in this study might impact long-term neurological function.

Auso et al., 2004. Normal rat dams were given the goitrogens 2-mercapto-1-
methylimidazole on gestation days 12 through 15. Maternal thyroid hormone
levels decreased transiently by about 30 percent compared to normal values.
There were no clinical signs of hypothyroidism. Mean T4 (= SEM) in the treated
and control dams was 11.60 + 0.67 and 15.90 + 1.89, respectively. BrdU was
injected from gestation days 14-16 or 17-19 and pups were tested for audiogenic
seizure susceptibility 39 days after birth. The cytoarchitecture and radial
distribution of the BrdU-labeled neurons on postnatal day 40 were affected in 83
percent of the pups from the treated dams. Infusion of T4 at gestation days 13-
15, but not during days 15-18 avoided these alterations. An increase in seizures
and wild runs in response to acoustic stimulus was seen in the pups from treated
dams versus controls. These data provide evidence that transient and relatively
mild decreases in maternal T4 during early pregnancy can lead to permanent
architectural changes in the brain.

van Wijk et al., 2008. This report describes how a lack of thyroid hormone
during early development can result in multiple morphological and functional
alterations in the developing brain of Wistar (HsdCpb:WU) rats. The behavioral
effects of perinatal and chronic hypothyroidism during development in offspring
(male and female) of hypothyroid rats were assessed. Twelve dams (starting 2
weeks prior to mating) and offspring (one litter per dam, eight pups per litter)
were fed an iodine-poor diet and drinking water with 0.75 percent sodium
perchlorate. This continued either until weaning (perinatal hypothyroidism) or
until the day of killing (chronic hypothyroidism). The pups were tested for
neuromotor competence, locomotor activity and cognitive function until postnatal
day 71, comparing them to age-matched control rats. Early neuromotor
competence, as assessed in the grip test and balance beam test, was impaired
in both chronic and perinatal hypothyroidism groups. The open field test,
assessing locomotor activity, revealed hyperactive locomotor behavioral patterns
only in the chronic hypothyroid animals. The Morris water maze test assessed
cognitive performance and showed that chronic hypothyroidism affected spatial
memory in a negative manner, with perinatal hypothyroidism impairing spatial
memory in female rats only. Overall, the effects of chronic hypothyroidism
appeared to be more pronounced than the effects of perinatal hypothyroidism.
This suggests that the early effects of hypothyroidism on functional alterations of
the developing brain depend on the timing of the thyroid hormone deficiency
during development and the impacts may be decreased, but not eliminated, if the
deficiency is improved.

Gilbert and Sui, 2008. These investigators exposed 106 pregnant Long-Evans
rats to 0, 30, 300, or 1,000 ppm perchlorate in drinking water (equivalent to O,
4.5, 44 .2, or 140.3 mg/kg-day) from gestation day 6 until weaning (postnatal day
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30). Adult male offspring from an unstated number of litters/group were studied
with a series of behavioral tasks. These included motor activity as a general test
of neurotoxicity (8-11/group), the Morris maze as a spatial learning test (11-
17/group), and fear conditioning as a reflection of the integrity of the
hippocampus (number of animals unstated). The authors also utilized
neurophysiologic measures of synaptic function in the hippocampus including
long-term potentiation (LTP), a well-established model of synaptic plasticity (14-
17/group). There was no positive control. In the dams, T4 was reduced relative
to controls by 16 percent, 28 percent, and 60 percent in the 30, 300, and 1,000
ppm dose groups, respectively. Little change was seen in T3 across dose
groups and TSH levels were only increased in the highest dose group (1,000
ppm). Perchlorate dose was not associated with body weight in the dams or
pups, or with pup eye opening, brain or hippocampal weights.

In the pups, small decreases (i.e., 10-20 percent) in serum T3 and T4 were seen
in the two higher dose groups compared to controls on postnatal day 21.
However, all serum hormone levels returned to control levels in adulthood.
Perchlorate exposure did not affect motor activity, spatial learning, or fear
conditioning in the male offspring at ages 3-13 months. Significant reductions in
baseline synaptic transmission were observed in hippocampal field potentials at
all dose levels. This included reductions in synaptic transmission at the
perchlorate dose that only marginally reduced (about 16 percent) circulating
levels of thyroid hormone in dams (30 ppm, 4.5 mg/kg/day).

The Morris water maze failed to uncover spatial learning deficits in perchlorate-
treated animals despite the observations of altered hippocampal synaptic
transmission coupled with spatial learning impairments after thyroid hormone
disruption induced by propylthiouracil (PTU) or methimazole noted in this report
and in contemporary studies in perchlorate treated animals. Perhaps these
differences are related to sex. This study examined only male offspring, while in
the van Wijk et al. (2008) study discussed above, spatial memory effects were
only seen in females. It may also be related to differences in the mechanism of
toxicity or dosimetry compared to PTU and methimazole.

The lack of behavioral effects in the specific tasks used by Gilbert and Sui (2008)
may also be a function of dose, degree of hormonal disruption, or the duration of
prenatal exposure. Given the cognitive demands and sensitivity of the behavioral
tasks, such outcomes are understandable. The failure of perchlorate to
detrimentally impact hippocampal LTP is consistent with a lack of effect on
behavioral plasticity and it is possible that the augmentation of PS (population
spike) LTP is a reflection of an adaptive or compensatory response in cell
physiology that aids in the reversal of learning deficits. Also, many other brain
regions are engaged in the performance of simple learning tasks, and significant
behavioral compensation may mask underlying behavioral deficits apparent
earlier in development or revealed with more demanding cognitive tasks.

Despite the lack of behavioral effects in the specific tasks used, the changes
seen in synaptic transmission in adult offspring nevertheless provide evidence in
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a rodent model that modest degrees of thyroid hormone reduction induced by
perchlorate result in persistent alterations in brain function.

Human Studies of Infants Born to Mothers with lodine Deficiency or Low
Thyroid Hormone Levels

Many human studies have been published that demonstrate maternal thyroid
deficiency during pregnancy affects neuropsychological development of the child.
Some of the studies have shown that these effects may occur at thyroid hormone
levels that have been traditionally considered to be within normal ranges.

Man and Jones, 1969. Man and Jones first reported that maternal
hypothyroidism was associated with lower intelligence quotient scores (IQs) in 8-
month-old infants. Hypothyroidism was defined in this study by two low serum
butanol-extractable iodine test values during pregnancy or by one low serum
butanol-extractable iodine value with clinical hypothyroidism. They found that

81 percent of 26 infants of women given thyroid replacement therapy after two
low serum iodine tests were classified “normal,” approximately the same
percentage as for infants of euthyroid women. In contrast, only 48 percent of the
56 infants of women with two low serum iodine values who were not given
adequate thyroid replacement therapy were “normal.”

Glorieux ef al., 1985. These authors reported that children with significantly
retarded skeletal maturation at the time of diagnosis, signifying hypothyroidism in
utero, obtained lower global I1Qs than did children whose skeletal maturity was
within normal limits.

Glorieux et al., 1988. In a later study, Glorieux et al. studied 43 infants with
congenital hypothyroidism and found that low T4 (<2 ug/dL) and retarded bone
surface (<0.05 cm?) measurements taken before therapy initiation were strongly
correlated with mental development at 3, 5, and 7 years of age (Table 11).

Table 11. Mental Outcome in Infants with Congenital Hypothyroidism
Relative to Newborn Risk Criteria (Glorieux et al., 1988)

T4 < 2 ug/dL and bone surface T4 > 2 ug/dL and/or bone
Age in measures < 0.05 cm? surface measures > 0.05 cm?

years n Mean IQ | IQ distribution | n Mean IQ | IQ distribution
3 17 91 + 42 (61 —-120) 40 103 +£2 (81 —140)
5 14 | 88+3° (60-109) | 30 | 104 +2 (84 — 125)

7 16 | 86 +3° (49 - 98) 27 | 1022 (75 - 128)
°p<0.01 °p<0.001

Rovet et al., 1987. Similar findings have been reported by Rovet et al., who
studied intellectual and behavioral characteristics at 1, 2, 3, 4, and 5 years of age
of 23 boys and 57 girls with congenital hypothyroidism. The children were
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assigned to two groups based on degree of skeletal maturity at the time of
diagnosis. Forty-five children with bone age <36 weeks were assigned to the
delayed group; 35 with bone age 37 to term were assigned to the nondelayed
group. Both groups were treated for congenital hypothyroidism and the initial
starting dosages of L-thyroxine for the delayed and nondelayed were similar, 8.1
mg/kg and 7.8 mg/kg, respectively. Although most children with athyrosis were
found in the delayed group, the group did not differ in birth weight, hormone
levels, or family background. Hormone levels at diagnosis of both groups are
shown in Table 12. Tests showed that although children in the delayed group
performed within the normal range, their scores were significantly lower than
those of the nondelayed group from age 2 years on. Perceptual-motor,
visuospatial, and language areas were most affected.

Table 12. Hormone Levels at Diagnosis in Children with
Delayed and Nondelayed Skeletal Maturity (Rovet et al., 1987)

Delayed (n = 45) Nondelayed (n = 35)
TSH (U/dL)
Screening 136.1 £+ 128.8 130.6 £ 78.6
Confirmation 112.5 £ 119.2 131.9 £ 100.5
Thyroxine (T4) (pg/dL)

Confirmation 51147 55+39

1 month 11.0+£53 103157

3 months 120+45 135+£3.9

6 months 136+£238 126+ 3.2

9 months 124 +£35 14153

12 months 12727 135+£23

Values represent mean 1 standard deviation.

Vermiglio ef al., 1990. This study demonstrated that normal euthyroid children
born to mothers from severe (area A) and less severe (area B) iodine deficiency
regions in northeastern Sicily have a defective visual perceptual integrative motor
ability. They studied 719 primary schoolchildren (366 males and 353 females)
from these areas ranging from ages 6 to 12 years old (conceived and born
between 1975 and 1981). A control group consisted of 370 age-matched
schoolchildren from an iodine-sufficient area where rates of goiter were lower
(area C). The prevalence of goiter in the schoolchildren of these areas and the
daily urinary iodine excretion in the general population between 1976 and 1984
are given in Table 13.
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Table 13. Prevalence of Goiter in Schoolchildren and Daily Urinary lodine
Excretion in Adults (1976-1984) in the Study Areas (Vermiglio et al., 1990)

Total Prevalence of Daily urinary
Study area obulation goiter in the iodine excretion
pop schoolchildren (%) (ng/day)?

Area A (with 7.432 70.3 (708) 24.3 + 16.4 (55)
endemic cretinism)
Area B (without 10,992 45.9 (763) 313+ 18.7 (150)
endemic cretinism)
2:2:)0 (control 9,730 8.9 (370) 82.4 + 43.0 (30)

“Mean * standard deviation; the number of observations is given in parentheses.

Variable degrees of thyroid enlargement were found in 205 of the 719 (28.5
percent) children included in the study from areas A and B (area A: 30.4 percent,
visible goiter 15.2 percent; area B: 26.5 percent, visible goiter 16.3 percent).
Furthermore, defective visual perceptual integrative motor ability (the Bender
Gestalt test) was significantly higher in children from area A (14.4 percent) and
area B (13.1 percent) than in those from area C (3.5 percent) (Table 14).

Table 14. Number of Defective, Borderline, and Nondefective
Schoolchildren as Assessed by the Bender Gestalt Test (Vermiglio et al.,
1990)

Eﬁrg;r::j?;:f € Area A Area B Area A+B Area C
Defective 53 (14.4) 46 (13.1) 99 (13.8) 13 (3.5)
Borderline 57 (15.5) 67 (19.1) 124 (17.2) 14 (3.8)
Nondefective 258 (70.1) 238 (67.8) 496 (69.0) 343 (92.7)
Total 368 (100) 351 (100) 719 (100) 370 (100)

Percent in parentheses.

@Performance scores: Defective = below -1 standard deviation from average score of normal
children of the same age; Borderline = —1 standard deviation from average score; Nondefective =
higher than —1 standard deviation from average score.

The statistical comparisons for the Bender Gestalt Test scores across the
different areas were as follows:

Defective:
Area A vs. area B: Chi-square (x%) =2.75; p=0.87
Areas A+B vs. area C: x* =36.25; p<0.000001
Borderline:
Area A vs. area B: x° =1.22; p=0.27;
Areas A+B vs. area C: x* =77.55; p<0.000001
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Vermiglio et al. (1990) also reported higher frequency of neuromuscular and
neurosensorial abnormalities among children from areas A and B (a combined
overall prevalence of 18.9 percent) compared to those from area C. The Terman
Merrill test of general intellectual aptitude was administered to 96 of the 99
“defective” children and 62 of the 124 borderline children from both areas A and
B (Table 14). Ninety-one of the 96 “defective” children (94.8 percent) had 1Qs
lower than 90, as did 35 of the 62 borderline (56.4 percent) children (Table 15).

Table 15. Performance on the Terman Merrill Test of General Intellectual
Aptitude Administered to Schoolchildren with Defective or Borderline
Performance Scores on the Bender Gestalt Test (Vermiglio et al., 1990)

Performance on Intelligence Quotient Score
Bender test <90 90-95 96-100
Defective (n = 96) 91 5 0
Borderline (n = 62) 35 23 4
Nondefective (n = 12) 0 10 2

Statistical analysis: x° =52.1; p<0.0000005.

Despite the adverse effects described above, the serum T3 and T4 levels of the
children from area A and area B were within the normal range. This suggests
that serum T3 and T4 are not completely accurate indicators of the neurological
damages that may be caused by iodine deficiency.

Tillotson et al., 1994. These authors reported the results of a prospective study
of psychological outcomes of 361 children with congenital hypothyroidism after
five years of treatment and follow-up. They also selected 315 children as
controls, matched for school attended, sex, age (within three months), language
spoken at home, and social class defined by occupation of the family
breadwinner. The severity of the hypothyroidism was assessed using T4
measurements collected at the time of diagnosis (median age 17 days; range O-
114). The study showed that among children with congenital hypothyroidism and
given early treatment, those with plasma T4 concentrations of less than 42.8
nmol/L (3.3 ug/dL) at the time of diagnosis had a global deficit in mean IQ of 10
points, while those with higher T4 levels at the time of diagnosis had no deficit.

Bleichrodt and Born, 1994. These authors performed a meta-analysis on 18
studies of iodine deficiency and mental development. Studies included those
with information on the general cognitive functioning of children and adults living
in iodine-deficient areas and provided the necessary statistical data. Three
studies were excluded from the analysis because the composition of the groups
studied was different (they were composed exclusively of school children). In the
meta-analysis of the effects of iodine deficiency on cognitive development, a
large effect size was found with a d-value of 0.90. This means that the mean
scores for the two groups (the iodine-deficient group and the non-iodine-deficient
group) were 0.90 of a standard deviation (or 13.5 IQ points) apart.
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Pop et al., 1999. Pop et al. (1999) reported that low maternal fT4 concentrations
in apparently healthy women during early gestation are associated with an
increased risk of impaired neurodevelopment in the infant. They studied a group
of 291 pregnant women in an iodine-sufficient area (in and around the city of
Veldhoven, Netherlands) between January and November, 1994. No women in
the study group were receiving antithyroid drugs or thyroid hormones. Maternal
fT4, TSH, and thyroid peroxidase antibodies were assessed at 12 and 32 weeks’
gestation, and neurodevelopment of 220 healthy children was assessed at 10
months of age. The authors found that children of women with fT4 levels below
the 5" (<9.8 pmol/L, n=11) and 10" (<10.4 pmol/L, n=22) percentiles at 12
weeks’ gestation had significantly lower scores on the Bayley Psychomotor
Developmental Index (PDI) scale at 10 months of age than children of mothers
with higher fT4 values. These findings are shown in Table 16. The mean of PDI
scores in all subjects was 100, so the decreases seen here represent about a 7-
14 percent decrease. The unadjusted odds ratio for impaired psychomotor
development (defined as a one standard deviation decrease from the mean) for
fT4 in the lower 10" percentile was 3.6 (95% Cl, 1.1-12.1). This rose to 5.8 (95%
Cl, 1.3-12.6) following adjustment for alcohol use, anti-thyroid antibodies,
depression, education and other factors.

Although the mean fT4 value for subjects in the lower 10" percentile of fT4 is not
given (only the percentile cut-off points are provided), they can be estimated from
Table 1 and Figure 2 of the paper. The mean T4 for subjects in the lower 10™
percentile is approximately 9.8 pmol/L compared to a mean fT4 of a little over
13.1 in the remaining subjects. This represents a difference of about 25 percent.
Thus, a 25 percent lower maternal fT4 was associated with about a 7 percent
decrease in PDI scores in children.

Evidence of a linear association between maternal fT4 and child PDI scores was
seen in those children with maternal fT4 levels in the lower 10" percentile (r =
0.46, p = 0.03). No correlation was found between maternal thyroid hormone
levels at 32 weeks’ gestation and PDI scores. All children had normal T4 and
TSH values. Six of the 22 women with T4 values in the lower 10" percentile had
high levels of anti-thyroid antibodies.

Table 16. Maternal fT4 Levels at 12 Weeks Gestation and PDI
Scores in Children at 10 Months of Age (Pop et al., 1999)

Low Maternal fT4 Group® Difference in 95% ClI
PDI scores

Lower 5™ percentile (n = 11) 141 5.9-22

Lower 10" percentile (n = 11) 7.4 1.1-13.9
“These groups were compared to all the children with higher maternal T4
levels.
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Haddow et al., 1999. This study involved measurements of TSH, fT4, and T4 in
25,216 pregnant women in Maine at 17 weeks of gestation. Three subgroups of
women were selected from this large cohort: 47 women with TSH levels in the
upper 99.7" percentile, 15 women with TSH levels in the upper 98" to 99.6"
percentile, and 124 women with TSH levels below the upper 98" percentile (the
“controls”). Measurements of thyroid function of the women in the study are
shown in Table 17. Notably, the fT4 and T4 values of many of the women in the
high TSH groups are within normal reference ranges. The researchers then
administered 15 neuropsychological tests to the children of these women at ages
seven to nine years old. The tests included assessment of intelligence, attention,
language, reading ability, school performance, and visual-motor performance.
The staff giving the tests did not know whether the children’s mothers were
women with hypothyroidism or control women. They found that the children of
the 62 women with high serum TSH concentrations (all those above the 98"
percentile) performed less well on all 15 tests. Mean |Q scores, as measured by
the Wechsler Intelligence Scale for Children, were 4 points lower in the children
of women with high TSH levels compared to the children of the control mothers
(103 versus 107, p = 0.06). Of the 62 women with elevated TSH levels during
pregnancy, 48 were not treated for the condition during the pregnancy. The full-
scale 1Q scores of their children averaged 7 points lower than those of the 124
matched control children (100 versus 107, p = 0.005). Results were controlled
for education, maternal age, sampling time, sample storage time, and gender.
The effect size seen in this study is similar in magnitude to that seen in Pop et al.
(1999). That s, a difference in maternal T4 or fT4 of about 25 percent was
associated with about a 4-7 percent decrease in |Q.

Sixty-four percent of the women with high TSH levels during pregnancy went on
to be diagnosed with clinical hypothyroidism over the next 10 years. None of the
children were diagnosed as hypothyroid as newborns. Haddow et al. (1999)
concluded that even mild and probably asymptomatic hypothyroidism in pregnant
women can adversely affect their children’s subsequent performance on
neuropsychological tests.

Table 17. Measurements of Thyroid Function in the Study Women during
Pregnancy (Haddow et al., 1999)°

. Hypothyroidism Controls
Variable (n = 62) (n = 124)
Serum TSH (mUIL) 13.2+0.3° 1.4+0.2
74+0.1° 10.6 + 0.1
Serum T4 (ug/dL) (952 nmol/L) (136.4 nmol/L)
0.71+0.1° 0.97 £ 0.07
Serum fT4 level (ng/dL) (9.1 pmol/L) (12.5 pmol/L)

“Values are geometric means + the logarithmic standard deviation.
bp<0.001 for the comparison with the control women.
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Pop et al., 2003. |n another study, Pop et al. (2003) reported that a low maternal
fT4 during early pregnancy was associated with a delay in infant
neurodevelopment. In this study, the researchers followed 115 children and their
mothers for two years. Maternal levels of fT4 and TSH were assessed at 12, 24,
and 32 weeks of gestation. “Cases” (n = 57) were defined as children of mothers
who had fT4 levels in the lower 10" percentile at 12 weeks of gestation and
“controls” (n = 58) were defined as children of mothers who had fT4 levels in the
upper 50" to 90" percentiles at 12 weeks gestation. Mothers of cases and
controls were matched on parity and gravidity. Cases and control families were
similar with respect to education, breast feeding, smoking, alcohol use, and
income. Mothers with thyroid disease, depression, and TSH levels outside of
normal ranges were excluded. Child mental and motor functi